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I.  Tdhe  greatejl  EffeEi  of  Engines  with  uni - 
forndy  accelerated  Motions  confidered.  By 
Francis  Blake,  Efiq\  F.R.S.  * 


Read  June  24,  f | \ H E writers,  I have  met  with, 
17 j6‘  I upon  the  maximum  of  Engines, 

-®*  or  the  greatefl  effed  poffible  in 
any  given  time,  have  fuppofed  the  working  parts  of 
the  machine  to  retain  their  diredion,  and  be  uni- 
formly moved  by  the  force  of  a current.  They 
have  therefore  confidered  only  the  cafe  of  an  uniform 
Rotation,  as  in  the  adion  of  grinding ; where  the 
impediments  and  impulfes  being  brought  to  a ba- 
lance, the  impulfes  are  but  fufficient  to  prevent  a 
decay  in  the  generated  motion.  And,  upon  that 
view  of  the  Problem,  the  load  of  an  Engine,  when 


* The  diftance  of  time  betwixt  the  reading  of  this  paper,  and 
its  now  appearing  in  the  Tranjaftions,  was  owing  to  the  abfence 
of  the  author,  and  his  defire  to  reconfider  it  before  it  went  to 


the  prefs. 
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the  effedt  is  a maximum,  and  the  force  a current, 
is  determined  by  computation  to  be  four  ninths  of 
the  weight  which  would  caufe  the  Engine  to  reft. 
This,  then,  being  fuited  only  to  -an  uniform  velocity 
both  in  the  lever  and  obftacle,  I would  conlider  the 
cafe  of  an  uniformly  accelerated  one  in  repeated  vi- 
brations. The  maximum  which  correfponds  to  it  is 
adapted  to  the  fteam-engine,  and  of  no  lefs  import- 
ance to  be  determined  than  the  other.  And,  no 
doubt,  thefe  fpeculative  inquiries  into  mechanical  fub- 
jedts,  were  they  even  barely  confidered  as  our  guides 
in  experiment,  may  appear  to  deferve  the  attention 
of  the  Society.  But  indeed,  and  I ingenuoully  con- 
fefs  it,  an  opportunity  to  make  fome  remarks  upon 
what  I formerly  laid  before  you,  concerning  the 
proportion  of  the  cylinders,  was  a further  induce- 
ment to  the  prefent  refearch. 

A general  expreflion  for  the  time  of  a ftroke  in 
fuch  vibratory  Engines,  will  lead  us  without  trouble 
to  a computation  of  their  effects. 

A a C 5 D 

m A n 

Let  A D be  a lever,  whofe  Brachia  are  a and 
and  fuppofed  without  weight.  Let  m be  a Power, 

and  n a weight.  Then  a : b ::  n : — , the  balance 

b n 

for  n at  A,  and  m — is  the  effective  force  at  A, 

which  multiplied  by  the  lever  a gives  m a — nb  for 
the  efficacioufnefs  of  that  force  in  the  angular  ve- 
locity of  the  Power  and  weight.  Now,  by  the  prin- 
ciples of  Mechanics,  the  Inertia  of  any  bodies  re- 
volving 


[3] 

volving  about  a Center  is  as  the  quantities  of  matter 
into  the  fquares  of  the  Brachia ; and  in  the  prefent 
cafe,  therefore,  the  whole  Inertia  of  m and  n is  as 
m a1 4-  nbz . Hence  then,  and  becaufe  the  velocity 
generated  in  a given  particle  of  time  is  as  the  Force 

diredtly  and  Inertia  inverfely,  we  have  ------- n as 

J J ma7  -f-  nb7 

the  accelerating  force,  or  the  meafure  of  the  angular 
velocity  of  the  Power  and  weight  at  the  end  of  the 
faid  given  particle  of  time.  And  I ufe  the  angular 
velocity,  becaufe  the  arbitrary  proportions  in  the 
lengths  of  the  Brachia  which  may  form  an  Equili- 
brium will  not  alter  the  expreffion.  But  again,  the 
times  of  defcent  by  means  of  uniform  forces,  thro’ 
a given  fpace,  are  inverfely  as  the  fquare  roots  of  the 
accelerating  forces,  or  meafures  of  the  velocities  ge- 
nerated in  a given  particle  of  time ; and  therefore 


I via2-  + nb7 
ma  — nb 


is  a general  expreffion  for  the  time  of  a 


ftroke.  This  being  had,  the  folution  is  eafy ; for, 


fuppofing  n only  to  be  variable,  fay  as 
: 7i ::  i,  a conftant  or  given  time:  n 


J 

j- 


ma1  -f-  nb7 
ma  — nb 
ma  — nb 
tna 7 -f-  nb7 


the  effedt  in  time  i,  ex  hypoth.  the  greateil  effedt 
which  can  poffibly  be  produced  in  the  faid  given 
time.  Taking,  then,  as  ufual,  the  Fluxion  equal  o, 
we  have,  after  a proper  reduction,  2 a 5 tnz  — 3 a1  mnb 

J-  a mnb1  — 2 nzbl  = o,  and  n — “ 

1 b v b -r  j 

— - an.1  x 3 a Therefore,  in  thefe  forts  of  En- 

4 b7 

gines,  when  the  Brachia  are  given,  the  weight  : 

B 1 Power 
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Power 


..  t F 

••AVI 


A + 


3«  — A 


4A 


a X 3a  * — b 
4 A1 


and  if 


the  Brachia  are  equal,  i.  e.  if  a — the  weight  : 
power  ::  y/7  — | : i,  viz.  0,618  : i nearly  when 
the  effect  is  a maximum.  And  fo,  in  like  manner, 
when  by  m and  n are  given,  and  a is  made  variable, 
it  is  eafy  to  fee  that,  indead  of  the  load,  the  bed 
didance  of  the  power  from  the  fulcrum  of  the  lever 
will  be  the  refult  of  the  procefs ; viz.  a : b ::  n -\- 
s/ r?  -j-  m n : m.  But,  this  by  the  way. 

In  the  proportion  here  determined,  the  power  m 
is  a weight,  and  therefore  ma  — nb,  which  is  the 
generating  force,  being  partly  employed  to  overcome 
the  Inertia  of  the  quantity  of  matter  m,  it  is  not 
wholly  taken  up  in  giving  motion  to  the  weight  n 3 
and  the  relative  velocity  is  continually  decreafing. 
But,  on  the  other  hand,  if  m be  the  force  of  a fpring, 
as  is  that  of  our  atmofphere,  or  if  n can  be  uni- 
formly accelerated  any  how,  in  repeated  vibrations, 
that  there  may  be  no  fenfible  diminution  of  the  rela- 
tive velocity,  the  whole  will  be  exerted  on  the 
weight  to  be  raifed ; /.  e.  the  tenlion  of  the  rope  or 
chain,  by  which  the  power  is  confined  to  a£t  on  the 
weight,  will  always  be  the  fame  as  tho’  the  Beam 
were  at  reftj  and  then,  by  expunging  ma1  out  of 


the  expreflion  for  the  greated  effe<d,  n J 
becomes  evidently  enlarged  to  n J 


ma  — nb 


111a  — nb 
ma2-  -f-  n A“ 

The 


confequences  are  thefe.  id,  The  greated  efife<d  of 
this  engine  when  m is  a fpring,  will  always  exceed 
the  cotemporary  efFedt  where  m is  a weight.  2dly, 
The  proportion  of  the  Power  and  weight  will  then 

be 


• Ls  ] 

be  n : m : : a : 2 £,  as  appears  by  taking  the  fluxion 

of  J1'-  r;br~  — o,  and  reducing  the  equation  in 

the  manner  above.  Whence  the  load  to  be  raifed 
for  the  greateft  effed  of  a fteam-engine,  if  the  Inertia 
of  the  materials  compoflng  its  working  parts  be  put 
out  of  the  queftion,  will  be  juft  half  of  what  is  Suf- 
ficient to  balance  the  atmofphere,  whether  the  Bra- 
chia  of  the  lever  be  equal  or  not. 


Permit  me  now  to  trouble  you  with  two  or  three 
remarks  on  what  I formerly  laid  before  you  concern- 
ing the  proportion  of  the  cylinders.  And,  ift,  in  all 
values  of  the  Brachia,  with  regard  to  their  lengths, 


and  all  values  of  »,  the  exprefiion  for 


the  time  of  a ftroke,  when  m is  a weight,  is  the  ge- 
neral exprefiion  to  be  ufed  for  the  time.  2dly,  m 
being  confidered  as  a fpring,  the  time  of  a ftroke 

7 ; and  then  if,  according  to  what  I 

m a — nb  1 ° 


have  there  direded,  a be  taken  variable,  and  m the 
reciprocal  of  a , the  advantages  to  be  gained  by  the 
breadth  of  the  cylinder  can  only  arile  from  a diminu- 
tion of  fridion,  and  from  the  matter  in  the  Beam  5 

for,  the  exprefiion  J -~~~b  becomes  conftant,  and 


thence  the  ftrokes  are  ifochronal.  I might,  further- 
more, proceed  to  examine  into  thefe  advantages,  more 
explicitly  than  is  there  done,  upon  the  principles  laid 
down,  when  m is  a weight.  But  many  particulars 
(fuch  as  the  form  of  the  Brachia  and  various  appen- 
dages, with  their  quantities  of  matter  and  centers  of 

gyration) 
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gyration)  being  wanting  to  perfect  the  Theory  of  the 
conftrudtion,  I fhall  drop  the  inquiry  when  I have 
made  only  one  remark  more.  It  is  this.  The  fhort- 
nefs  of  the  Brachia  diminifhes  the  refiftance  of  the 
Engine  to  motion ; and,  therefore,  the  inequality 
which  I propofed  in  them  was  in  part  to  avail  myfelf 
of  that  obvious  advantage,  without  incurring  the  in- 
convenience of  enlarging  the  pump-bores.  I fay 
it  is  an  obvious  advantage ; for,  the  matter  in  the 
Brachia,  that  the  Equilibrium  may  be  preferved,  be- 
ing inverfely  as  their  lengths,  and  the  refiftance  to 
motion  in  the  diredt  ratio  of  the  fquares  of  thofe 
lengths,  the  reftftance  of  the  longer  arm  is  to  that 
of  the  Ihorter  as  the  lengths  of  them  diredtly. 

Queen -fquare,  Weftminfter, 

June  22,  1756. 
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Now  as  the  twelve  trees  above,  contained  213  cubic 
feet  300  inches  of  timber  in  fpring  1743,  and  have 
increafed  to  322  cubic  feet  333  inches  in  autumn 
1758  ; that  is,  109  cubic  feet  33  inches  in  16  years 
growth  ; if  all  the  trees  were  of  the  fame  kind,  109 
feet  pays  3 per  cent,  for  Handing : and  the  fix  oaks 
pay  near  the  fame  intereft,  although  one  of  them, 
N°  2.  appeared  paid  thriving  in  1743  s for  the  in- 
creafe  of  the  fix  oaks  is  from  112  feet  1 quarter  17  r 
inches  of  timber,  to  167  feet  138  inches,  i.  e.  54 
feet  2 quarters  399  inches;  which  is  above  3 per 
cent.  But  if  you  take  only  the  five  thriving  oaks, 
then  their  content  is,  from  57  feet  3 quarters  267 
inches,  to  103  feet  2 quarters  58  inches ; i.  e.  45- feet 
2 quarters  223  inches  of  timber;  or  near  y per  cent » 
And  the  increafe  of  the  moft  thriving  oak,  N°  8. 
appears,  by  the  above  table,  to  pay  above  12  { per 
cent,  and  the  Scotch  fir,  N°  9.  being  under  2 feet 
and  half  of  timber  in  fpring  1743,  and  10  feet  in 
autumn  1758,  pays  above  18  per  cent.  Befides  it 
fhould  be  confidered,  altho’  I meafured  the  largeft 
and  moll  thriving  oak  and  Scotch  fir  in  1743,  yet 
feveral  others  of  the  fame  age,  both  oaks  and  Scotch 
firs,  have  greatly  exceeded  the  meafured  trees  for 
many  years  pafi;  e.  g.  the  oak  N°  11.  appears  by 
the  table  two  feet  8 inches  2-8ths  in  circumference; 
and  another  juli  by  it  is  2 feet  1 1 inches  6-8ths;  and 
an  oak  tranfplanted  from  this  grove,  is  3 feet  9 inches 
5-8ths  round  ; yet  this  laft  tree  was  confiderably  lefs 
than  the  firft  when  removed,  and  not  planted  in  a 
better  foil,  and  yet  is  1 foot  1 inch  3- 8ths  larger  than 
the  original  tree.  The  firft  contains  4 feet  1 quarter 
336  incites,  and  has  gained  2 feet  3 quarters  220 

inches- 
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inches  in  fixteen  years:  the  laft  contains  8 feet  3 
quarters  68  inches ; and,  fuppofing  them  equal  in 
17 43,  gains  7 feet  384  inches;  i.  e.  above  2 £ the 
increafe  of  the  firft  tree.  But  notwithftanding  the 
tranfpl anted  oak  is  thus  much  larger  than  the  origi- 
nal oaks  in  the  grove,  yet  as  the  tranfplanted  tree 
does  not  run  half  the  height  of  the  trees  in  the  grove 
before  it  heads,  they  differ  but  little  in  their  quantity 
of  timber. 

The  following  table  fhews  the  monthly  increafe  of 
trees  in  the  years  1757  and  1758.  As  I endeavoured 
to  take  the  meafures  with  as  much  exa&nefs  as  was 
in  my  power,  I cut  three,  four,  or  more  notches  in 
the  bark  of  each  tree,  that  my  line  might  always  be 
confined  exa&ly  to  the  fame  place.  I obferved,  if  I 
meafured  foon  after  a rain,  whilfl  the  bark  was  fatu- 
rate  with  water,  the  tree  would  be  | of  an  inch  larger 
than  after  a day  or  two  of  dry  weather.  I may  here 
add,  that  all  the  meafures  of  circumferences  of  trees 
are  taken  at  y feet  from  the  earth : and  confequently 
the  folid  meafures  muft  include  1 o feet  in  length.  I 
generally  made  ufe  of  Keay’s  Tables  in  the  folid  mea- 
fures, which  go  no  lower  than  quarters  of  inches  in 
girts : which  is  not  fo  exa£t  as  it  ought  to  be. 


Vo  l,  LI. 


C 


Meafures 


Meafures  of  the  monthly  Inereafe  of  the  mojl  thriving  frees  I had , of  the  following  feveral  Kinds, 

taken  at  5 Feet  from  the  Ground  in  the  Tears  1757  and  1758. 
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Table  III.  Shews  the  Increafe  in  Circumference , and  in  folid  Meafure , of  each  Tree 

in  I7f8. 
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N.  B.  I meafure  the  oak  N°  4.  as  three  feet  round,  as  it  wants  only  1 -4th  of  an  inch  of  that  meafure  ; and  the  Wey- 
mouth pine  as  1 foot  and  6 inches,  tho’  it  is  i-4th  of  an  inch  more. 

As  the  Scotch  fir,  N°  3.  has  been  fickly  for  two  years  paft;  therefore  I add  another  Scotch  fir  (one  year  younger)  to 
fliow  the  growth  of  that  kind  of  tree ; and  the  extraordinary  increafe  of  the  Weymouth  pine  induced  me  to  put 
that  in  alfo,  tho’  I had  not  meafured  it  monthly. 
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The  great  Lord  Bacon  fays,  “ the  improvement  of  the  ground 
“ is  the  mcjl  natural  way  of  obtaining  riches .”  What  great 
fortunes  might  be  raifed,  by  thofe  that  have  property,  in  the 
vaft  heaths  and  downs,  or  fields  of  poor  land,  in  this  king- 
dom, by  planting  parts  of  them  ? which  would  alfo  add  great 
beauty  to  the  country,  and  render  the  dwelling  much  more 
comfortable  to  the  neighbourhood,  by  the  fhadein  fummer,  and 
warmth  in  winter.  Some  parts  of  thefe  great  waftes  would  pro- 
duce good  oak ; and  where  the  foil  is  moift,  poplar,  alder,  and 
other  aquatics,  would  be  very  profitable  to  the  planter.  The 
chalky  foil  feems  the  leaft  promifing ; yet  beeches  fometimes 
thrive  well  upon  it.  The  fir  kind,  efpecially  the  Scotch  fir, 
will  grow  furprifingly  upon  poor  Tandy  land;  but  woods  of 
fir  fhould  be  guarded  with  an  out-line  of  birch  and  beech,  to 
break  the  force  of  ftrong  winds.  Birch,  being  the  quickeft 
grower,  will  beft  protedl  the  young  fir ; but  as  birch,  after  a 
few  years,  is  eafily  blown  down,  fo  beech  will  be  wanted  to 
defend  the  firs  as  they  become  large:  for  I have  feen  broad 
glades  made  by  the  wind  through  great  woods  of  fir  in  Swit- 
zerland : which,  perhaps,  might  have  been  prevented,  at  lead 
in  part,  by  an  out-line  of  beech. 

I know  fome  think,  that  poor  land  cannot  produce  large 
trees;  yet  the  oak  at Northall  in  Hertford fhire,  whofe  beauti- 
ful head  fpreads  a circle  of  above  40  yards  diameter,  (lands  on 
a dry  and  deep  fand  ; and  the  fine  chefnuts  and  beeches  by 
Mr.  Naylor’s  grand  caflle  of  Herd  Monceux  in  SuflTex,  grow 
in  a light  fandy  foil  : and  I have  found,  by  experience,  the 
Weymouth,  Scotch,  fpruce,  and  filverfirs,  which  I planted  in  a 
poor  fandy  foil,  are  larger  and  finer  trees,  than  others  fet  at  the 
fame  time  in  much  better  land.  Perhaps  it  may  require  a rich 
clay  to  produce  fuch  trees  as  the  noble  grove  of  oak  in  the  Earl 
of  Powis’s  park  by  Ludlow,  or  Lord  Ducie’s  vaft  chefnut  at 
Tortworth,  in  Gloucefterfhire,  which  I meafured  46}  feet  in 
circumference  at  near  6 feet  from  the  ground. 

Although  thefe  flight  obfervations  are  not  fo  deferving  the 
attention  of  the  Royal  Society  as  J could  wifh  ; yet  they  may 
poflibly  be  the  means  of  producing  better ; and  for  my  own 
part,  I (hall  always  efteem  it  a great  honour  that  they  were 
communicated  by  Dr.  Hales. 

Stratton,  Dec.  1 8,  1 758-. 


R.  Marfliam. 


/.  . /W,/-. 
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Ilf,  An  sic  count  of  fome  Antiquities  found 
in  Cornwall  : In  a Letter  from  the  Rev. 
William  Borlafe,  M.  A.  F.  R.  S.  to  the 
Rev.  Charles  Lyttelton^  L.L.D.  Dean 
of  Exeter. 


Rev.  Sir, 


Ludgvan,  Dec.  4.  1758'. 


Read  Jan 

*759 
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S I know  the  pleafure,  which  every 
branch  of  ancient  literature  gives 
you-,  I fhould  not  excufe  myfelf,  if  I did  not  com- 
municate to  you  a late  diicovery  of  Roman  antiqui- 
ties in  thefe  wefternmoft  parts  of  Britain. 

In  the  year  1756  a farmer  at  Boffens,  in  the  parifli 
of  St.  Erth,  driving  his  oxen  from  the  field,  per- 
ceived the  foot  of  one  of  them  to  fink  a little  deeper 
than  ordinary  into  the  earth  at  A,p%.  8.  ( See  Tab.  I.) 
Curiofity,  and  the  hopes  of  treafure,  led  him  foon 
after  to  fearch  the  place  ; where  was  foon  difcovered 
a perpendicular  pit,  circular,  of  two  feet  and  half  di- 
ameter. Digging  to  the  depth  of  1 8 feet,  there  was 
found  a Roman  patera  (fig.  1.  & 2.)  : about  6 feet 
deeper,  the  jug,  fig.  3 : near  by,  among  the  rubbifh, 
the  ftone,  fig.  4 ; a fmall  millftone,  about  1 8 inches 
diameter  : then  another  patera,  with  two  handles,  in 
other  particulars  of  the  fhape  and  iize  as  fig.  2.  but 
unfortunately  miflaid,  and  not  now  to  be  found.. 
Intermixed  with  thefe  were  found  fragments  of  horns, 
bones  of  feveral  fizes,  half-burnt  flicks,  and  many 
pieces  of  leather,  feemingly  fhreds  of  worn-out  (hoes. 
Having  funk  to  the  depth  of  36  feet,  they  found  the 

bottom 
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bottom  of  the  pit  concave,  like  that  of  a chili  or 
bowl.  There  was  a ienfible  moifture,  and  moftly 
wet  clay,  in  all  parts  of  the  pit.  On  each  fide  there 
were  holes  at  due  distances,  capable  of  admitting  a 
human  foot,  by  which  perfons  might  defcend  and 
afcend.  There  is  no  doubt  but  this  work  mult  have 
been  intended  for  a well : but  a pit  fo  deep,  and  of 
fuch  narrow  dimensions,  muft  have  been  funk  thro’ 
a Stony  ground  with  much  difficulty,  and  with  tools 
very  different  from  thofe  now  in  ufe. 

Coming  to  the  fpot  on  the  2 2d  of  May  lad  with 
Henry  Davies,  Efq;  proprietor  of  the  land,  who  fir  ft 
favoured  me  with  the  notice  of  this  difcovery,  I 
found,  on  the  higher  part  of  the  tenement,  in  a field 
called  the  Rounds,  the  remains  of  a fort : the  length 
of  it,  bearing  nearly  north  and  fouth,  was  152  feet; 
the  breadth,  from  eaft  to  weft,  about  136  feet.  The 
fofs  on  the  outfide  is  ftill  difcoverable  j the  walls 
difmantled,  but  fufficient  remains  to  Shew,  that  the 
work  was  rectilinear,  with  the  angles  rounded  off; 
a manner  of  fortifying,  which  the  Romans  were  ge- 
nerally fond  of,  as  may  be  feen  by  their  Stations  per 
lineam  valli  (Horftey  Britannia  Romana , p.  113,  and 
many  other  places)..  At  the  north  corner,  B,  there 
was  an  additional  building,  projecting  outwards  be- 
yond the  rampart,  about  30  feet  long,  not  quite  fo 
wide  : at  the  fouth  angle  at  D there  are  the  figns  of 
a building  of  like  kind  : thefe  were  the  proceftria  of 
the  fort.  The  Shape  and  fize  of  the  work,  as  it 
Stands  at  prefent,  may  be  feen  in  the  drawings  an- 
nexed, Jig . 8. 

Upon  examining  the  rubbifli  near  the  pit,  I found 
die  cut  Stone,  Jig.  y . part  of  a large  Stone  vafe,  and 

part 
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part  of  an  earthen  fepulchral  urn  : I found  alfo  lomfe 
fragments  of  leather  i all  which,  with  what  was 
found  before,  and  brought  me,.  I fhall  beg  leave  to 
defcribe,  with,  a few  obfervations.. 

Fig.  i.  and  2.  are  two  views  of  die  patera  : it  was 
made  of  tin,  the  20th  of  an  inch  thick,  four  inches- 
and  a half  wide  at  the  brim:,  but  growing  narrower 
downwards,  was  at  the  bottom,  which  was- flat,  two 
inches  and  a.  half  in  diameter.  The  bottom  of  the 
inftde  is  repr efented,j%.  1.  in  its  real  fize..  Fig.  2.  is 
die  fide  of  the  fame  patera,  by  the  fcale  annexed. 
The  Roman  patera  was  not  always  of  the  fame  di~ 
mentions.  When  it  was-  of  the  larger  fize,  its  ufe  is 
well  known  to  have  been  for  receiving  the  blood  of 
the  vidtim,  or  to  be  carried  before  the  priefts  with 
other  offerings  5 but  when  of  lmaller  dimenfions  (as 
this  is),  either  to  offer  libations  of  water,  oil,  or 
wine,  on  the  altar  (whence  on  medals  the  hand  fo- 
often  ftretched  out,  holding  the  patera  towards  the 
altar),  or  to  participate  the  rites  of  faeri fice  by  drink- 
ing. This-  patera  had  no  anfa,  or  handle;  tho’  that 
which  is  loft,  and  has  been  mentioned  above,,  had 
one  on  each  fide  : and  indeed  thofe  found  in  England 
generally  have.  Mr.  Addifon  obferves  [ Fravels , of 
his  works,  p.  j ry.],  that  it  is  not  fa  common  to  find 
paterse  with  handles  to  them-  abroad  ,-  but  that  a pa- 
tera without  a handle  would  be  as  lingular  here  [in 
England]  as  one  with  it  at  Rome  ::  and  Mr.  Horfley, 
(p.  *<?]),  that  all  paterae,  which  he  had  feen  upon  any 
altars  in  Britain.,  had  handles,  tho.’  of  different  ftzes 
and  fhapes  t but  if  may  be  obfervedv  that  the  five 
patera?,  which  I have  feen  found  in  Cornwall,  never 
had  any,  and  are  therefore  the  more  remarkable.  It 
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Is  more  rare  ftill  to  find  thefe  feemingly  trifling  cups 
and  dilhes  infcribed  to  a particular  deity ; but  moft 
uncommon  to  fee  them  diftinguifhed  by  the  names 
of  the  donor  and  his  father,  as  well  as  the  name  of 
the  deity  to  which  they  were  dedicated.  This  patera, 
found  at  Boflens,  about  three  miles  north- eaft  of  St. 
Michael’s  Mount,  is  a Angular  infiance  of  the  latter 
ufage,  and  has  the  following  infcription  engraved  on 
its  bottom,  in  fhape,  and  fize,  and  circular  line,  as 
i- 


Which  I read  thus,  till  better  information.  Lroius 
Mode  flu  a Driuli  (or  Douiuli ) f (for  Jilius)  Deo 
Marti. 

The  two  firft  words  are  very  plain  (tho’,  like  the 
whole,  a mixture  of  Greek  and  Roman  characters), 
end  not  rare  in  Roman  hifiory.  Livius  is  too  well 
known  to  need  any  comment ; and  as  it  is  well 
known,  that  the  virtues  oftentimes  gave  names  to 
perfons,  it  is  as  certain,  that  modefiy  among  the 
refi  had  that  privilege.  Sometimes  the  perfon,  who 
had  this  name,  was  called  Verecundus  \_Diis  Manibus 
Verecundi , in  a Roman  monument  at  Skirway  in 
Scotland  ; Horfley , 199:  and  the  fame  name  is  to  be 
traced  in  another  monument.  Ibid.  Plate  64..  N°.  X.] 
Here  it  is  Modejlus , of  which  we  have  alfo  inftances, 
as  Pubhus  JE/ius  Modeflus  Prtzje£lusy  who  dedicated 
an  altar  to  Hercules,  Ibid.  PL  16.  N°.  XLI.;  and 
Caius  Murrius  Modejlus  miles  in  Somerfedhire,  Ibid. 


PL  71.  N°.  II. 


The 
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The  letters  in  general  of  this  infcription  are  badly 
lhaped ; but  in  the  third  word  particulaVly  the  cha- 
racters are  more  perplexed  than  in  the  reft.  The  firft 
letter  is  the  Grecian  fmall  delta ; the  fecond  I take  to 
be  the  little  ro  of  the  Greeks  reverfed  [yiz.  with  the 
long  ftroke  on  the  right,  inftead  of  its  being  as  ufual 
on  the  left  hand) : the  other  letters  are  more  truly- 
delineated,  tho’  fomewhat  crowded  : fo  that  I take 
this  word  to  be  Driuli , a name,  which  I do  not  re- 
coiled; to  have  met  with  before  : but  if  the  fecond 
letter  (hall  appear  to  the  learned  to  be  more  likely- 
intended  for  the  Greek  charader  »,  or  ou , this  word 
will  then  be  Douiuli,  or  Duilii , a name  very  ho- 
nourable among  the  Romans.  F ftands  for  Jilius , 
as  ufual ; and  the  two  laft  words  are  beyond  doubt 
Deo  Marti.  The  language  is  Roman  ; but  the  A, 
d,  A,  « (which  in  the  words  Modejlus  and  Deo  is 
ufed  for  the  Latin  e),  and  the  ro,  or  <j,  are  proper  to 
the  Grecian  alphabet.  The  R in  Marti  is  fingular, 
intended  for  P,  the  Greek  capital  Ro ; but  inftead  of 
th«  femicircular  part  joined  to  the  upright,  thro’  the 
incorrednefs  of  the  engraver,  it  has  a demi-hexagon, 
like  a canopy,  over  the  upright  line.  The  o is 
oval,  not  round  as  with  the  Latins  > and  the  A has 
no  tranfverfe  ftroke.  The  other  letters  are  common 
to  the  Greeks  and  Romans. 

That  this  Latin  infcription  Ihould  have  fo  much  of 
the  Greek  character  is  remarkable.  It  is  well  known, 
that  the  Druids  ufed  the  Greek  letters.  Whether  the 
perfon,  who  confecrated  this  patera  to  Mars,  might 
intruft  the  engraving  to  one  of  the  Druid  fed,  or 
whether  the  engraver  was  one  of  the  auxiliary  co- 
horts and  natives  of  Greece,  as  the  Thracian  and 
Vol,  LI.  D Dalmatian 
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Dalmatian  horfe{for  fuch  we  certainly  had  in  Britain), 
it  is  in  vain  to  inquire ; but  neither  of  thefe  conjec- 
tures is  improbable.  There  are,  I think,  but  two 
infcriptions  in  the  Greek  language  as  yet  found  in 
Britain  ; but  in  the  Latin  language  this  foems  to  me 
the  only  one  as  yet  difcovered  in  the  ifland  written  ia 
Greek  characters. 

Fig.  3.  is  a jug  or  jar  (of  trn  alfo)  containing  four 
quarts  one  pint  and  of  a quartern,  wine  mealure : 
its  weight  7 ife  9 \ oz.  It  is  the  prsefericulum  of  an- 
tiquarians, a veffel  ufed  to  bring  the  holy  water,  or 
other  facred  liquor,  to  the  altar.  It  feems  to  have 
had  that  name  from  its  being  carried  in  prccefiion. 
before  the  prieHs  in  a kind  of  {hallow  bafon  (which 
FeHus  chutes  rather  to  call  the  praefericulum,  as  fee 
Montfaucon  de  pater  is , tom.  ii.),  in  much  the  fame 
manner  as  the  bafon  and  ewer  were  formerly  ufed 
among  us. 

Fig.  4.  & 5.  are  of  Hone.  The  firH  and  Iargeff 
weighs  14  th  1 oz.  (avoirdupois)  and  1 1 dwts . amount- 
ing, if  I miflake  not,  to  iS  tb  Roman  and  337  grains. 
The  fecond  and  fmaller  Hone  weighs  4 i fe  1 oz.  (avoir- 
dupois) and  7 dwts . or  5 lb  \ Roman  and  py  grains* 
By  the  holes  thefe  Hones  have  near  the  top,  they 
were  probably  defigned  as  weight-s,  whereby  provifions 
were  bought  for,  and  afterwards  fhared  among,  the 
foldiers  of  the  fort. 

The  ancients  fometimes  made  their  weights  of 
Hone,  and  of  different  fhapes,  round,  rectangular, 
and  conical : fometimes  they  were  of  marble,  as 
thofe  exhibited  by  Gruter,  p.  221,222,  (as  Kemp 
quotes  him),  and  that  in  the  Monument  a Kempt  ana  3 
jx  iy2>  and  in  other  repofitories,  Thefe  here  are 

both 
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both  of  the  dove-coloured  Cornifh  granite,  difcoloured 
as  it  feems  by  fire.  But  the  ancients  feem  not  to 
have  made  their  weights  of  ftone  by  choice,  but  for 
want  of  metal ; for  they  could  not  be  ignorant,  that 
lead,  brafs,  or  iron,  was  more  compact,  ponderous, 
and  durable  : and  that  flone  was  liable  to  become 

* f 

heavier,  by  alfuming  into  its  fubftance  the  moifture 
and  weight  of  adjacent  bodies,  and  on  the  other 
hand  to  be  corroded,  arid  become  more  porous  and 
lighter,  by  means  of  any  penetrating  acid,  or  heat 
or  drought ; and  fo  either  exceed  or  fall  fhort  of  the 
intended  ftandard.  Thefe  inconveniences  of  ftone 
weights  the  ancients,  I fay,  could  not  but  forefee ; 
they  are  alterations  which  the  materials  could  hardly 
efcape : and  therefore  I conjecture,  that  the  weights 
before  us  have  varied  : they  both  exceed  the  number 
of  Roman  pounds,  which  they  were  probably  at  firft 
adjufted  to.  The  great  weight  indeed  has  been  in- 
creafed  but  a fmall  matter,  viz.  337  grains  more  than 
18  pounds  ; the  fmall  one  more  in  proportion,  viz, 
14,06  grains  more  than  5 pounds,  i.  e.  above  a quarter 
of  a pound : nor  is  it  to  be  wondered  at,  that,  tho’ 
both  of  the  fame  fort  of  ftone,  they  ftiould  have 
acquired  different  quantities  of  weight ; for  the  addi- 
tion muff  have  been  according  to  the  nature  of  the 
rubbifti  in  which  they  have  lain.  If  there  were  any 
metallic  ores  (iron,  for  inftance,  copper,  or  tin)  or 
impregnated  waters,  in  the  rubbifh,  where  thefe 
jftones  were  depofited,  then  the  addition  would  be 
great,  otherwife  the  addition  would  be  no  more  than 
that  of  common  moifture  or  earth. 

Fig.  6.  is  part  of  a vafe  or  bowl,  fometimes  made 
of  brafs,  or  richer  metal,  but  here  of  ftone,  This, 

D 2 I ap- 
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I apprehend,  is  what  Feftus  calls  the  praefericulum 
[ Prajericulum,  inquit  Fejtus , vas  ceneum,  fine  an/a, 
appellatum  patens  fummum , ut  pelvis,  quo  ad  facrijicia 
utebantur  in  Sacrario.  Montfaucon,  tom.  ii.  p.  142.); 
and  by  its  gradually  increafing  thicknefs  towards  the 
bottom,  appears  to  have  been  of  like  defign  with 
that  exhibited  in  the  Jntiquities  op'  Cornwall , plate 
xxi.  fig.  y.  p.  274.  This  vafe  was  of  curious  grey 
granite,  formed  by  turning,  well  polifhed  within, 
fomewhat  difcoloured  without,  as  if  it  had  buffered 
by  fire. 

The  fmall  millftone,  by  the  fmoothnefs  of  one 
fide,  fhews  that  it  had  been  much  ufed  ; and  was 
fuch,  without  any  material  difference,  as  is  now  ufed 
in  the  iflands  of  Scilly  (and  elfewhere)  for  hand- 
mills  to  grind  corn  in  times  of  fiege  and  confine- 
ment, and  muff  be  abfolutely  neceftary  in  all  forts. 

The  bones  and  horns  may  be  fuppofed  to  have 
belonged  to  animals,  either  facrificed,  or  killed  for 
the  fuftenance  of  the  garrifon  : the  afhes,  and  half- 
burnt  flicks,  are  the  remains  of  facred  or  culinary 
fires.  The  fragments  of  leather  are  for  the  mod:  part 
patched,  and  coarfely  fewn  together  ; but  one  piece, 
which  I found  more  intire,  may  contribute  perhaps 
to  fhew  us  the  fhape  of  the  Roman  calceus  of  thofe 
times ; and  may  be  feen  jig.  7.  by  the  fame  fcale 
with  the  reft.  Some  bits  of  leather  were  alfo  pierced 
with  circular  holes  \ but  whether  parts  of  the  calceus, 
cothurnus,  or  any  border  for  the  habit,  armour,  or 
vehicle  of  the  officers,  enough  does  not  remain  to 
decide. 

I fhall  make  no  other  refledlion  at  prefent  on  thefe 
antiquities,  than  that  the  infeription  isjhe  firft  dilco- 

vered 
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vered  in  this  county  of  fuch  high  antiquity;  and  will 
fatisfy  the  learned,  that  the  Romans  had  penetrated 
into  the  wefternmoft  parts  of  Cornwall  before  the 
empire  became  Chriftian  : that  the  facrifical  veflels 
the  paterae,  and  prsefericulum,  are  of  tin,  the  natural 
product  of  Cornwall : the  vafe,  the  weights,  the 
millftone,  are  alfo  of  Cornilh  granite  : and  by  the 
walls,  the  religious  utenfils,  the  weights,  the  quantity 
of  Ihoes,  bones,  horns,  vafes,  urn,  and  allies,  this  fort 
appears  to  have  been  that  of  a fixed  garrifon,  not  a 
temporary  occafional  fortification  : that  by  the  fhape 
of  this  fort,  and  the  antiquities  difcovered  in  it,  it 
was  a Roman  fort. 


I remain. 


S I R, 


Your  moft  obedient  Servant, 

William  Borlafe. 


IV.  A new  unproved  Silk -Reel.  By  the 
Rev.  Samuel  Pullein,  M.  A. 

Read  Feb.  i,  /”  |'  A H E following  paper,  it  is  hoped, 
*759-  Jj^  win  he]p  t0  promote  the  culture 
of  filk  in  our  American  colonies,  and  to  bring  it  to 
that  perfection,  which  at  prefent  is  fcarce  found  in 
any  country  but  Piedmont. 

When  filk  is  reeled  from  the  cocoons,  the  thread 
is  fmeared  with  the  natural  gum  of  the  filk  foftcned 
by  the  heat  of  the  water  out  of  which  it  ii  reeled. 

If 
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If  the  feveral  rounds  of  this  thread,  as  it  falls  on 
the  reel,  touch  one  another  in  their  whole  extent,  it 
is  then  fo  2. lued  together,  as  to  be  intirely  ufelefs  for 
any  perfection  of  manufacture,  it  being  impoffible 
to  wind  it  off  without  tearing  and  breaking!  This 
fault  in  the  filk  countries  goes  under  the  technical 
name  of  the  Vitrage  ; and  there  are  many  degrees  of 
it,  according  to  the  caule  by  which  it  is  produced. 

From  the  introduction  of  filk  into  Europe  to  this 
day,  the  preventing  of  the  Vitrage  has  employed 
fome  of  the  moft  knowing  men  in  the  countries 
where  filk  is  produced. 

To  change  the  pofition  of  the  filk  thread,  that  it 
might  not  always  fall  on  the  fame  part  of  the  reel, 
the  guidefiick  was  introduced.  This  received  a 
progreffive  and  regreffive  motion,  by  means  of  two 
wheels,  the  one  fixed  to  the  axle  of  the  reel,  and 
communicating  its  motion  to  the  other  by  means  of 
a band.  To  make  thefe  wheels  perfect,  certain  deter- 
mined and  precife  proportions  are  to  be  obferved  in 
the  diameters  of  their  grooves,  otherways,  notwith- 
flanding  the  motion  of  the  guidefiick,  there  may  be 
a total  Vitrage  of  the  whole  hank  of  filk  ; and,  even 
when  the  proportion  of  the  wheels  is  perfeCl,  there 
may  be  reckoned  up  thirteen  or  fourteen  accidents, 
any  of  which  happening  will  caufe  a Vitrage : but 
tho’  thefe  inconveniencies  attend  all  thofe  reels  which 
ufe  a band,  yet,  becaufe  the  ordinary  fort  of  them 
are  eafily  made,  they  are  flill  ufed  by  the  common 
people  in  mofl  filk  countries. 

No  nation  has  brought  its  filk  to  a greater  perfec- 
tion than  the  Piedmontefe  : but  it  was  only  by  flow 
degrees,  and  in  a long  traCl  of  time,  that  they  ar- 
rived 
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rived  at  this.  They  firft  fuppreffed  the  old  method 
of  reeling  the  filk  over  a bobin,  which  was  found  to 
give  it  a hat  form  ; and  they  fubftitutcd  in  its  dead 
that  excellent  method  of  the  croifiure,  which  ren- 
ders it  round  and  compact.  They  then  applied 
themfelves  to  correCt  the  imperfections  of  the  guide- 
dick,  and  to  eftablifh  proper  proportions  between 
the  wheels  which  gave  it  motion  ; but,  notwith- 
danding  thefe  and  other  improvements,  they  dill 
found,  that,  fo  long  as  thefe  wheels  were  turned  by 
means  of  a band,  they  could  not  arrive  at  the  per- 
fection necedary  to  make  filk  fit  for  organcine  or 
warp,  becaufe  the  inaccurate  motion  of  the  band 
made  the  mod  juft  proportion  which  they  could 
edablifh  between  the  wheels  cpaite  ineffectual,  and 
condantly  produced  a Vitrage. 

It  was  on  this  account  that  they  totally  fupprefied 
the  ufage  of  the  band,  and  fubdituted  in  its  dead 
four  wheels  with  a determined  number  of  teeth, 
whofe  revolutions,  being  uniform,  gave  the  guidedick 
a proper  motion  for  preventing  the  Vitrage,  This, 
and  feme  other  regulations,  are  edablifhed  by  laws,, 
which  are  rigoroufly  put  in  execution,  led  the  com- 
mon people  fhould  thro’  indolence  relapfe  into  their 
old  eudoms.  By  adhering  to  this  reel,  the  Piedmont 
tefe  are  able  to  give  that  perfection  to  their  raw  filk, 
which  fits  it  to  be  thrown  into  organcine  or  warp  5; 
and  to  raife  the  value  of  each  pound  of  filk  reeled 
m this  manner  to  one  third  more  than  it  would  have 
if  reded  other  ways-- 

The  French  were  defirous  of  making  raw  filk  fit 
for  organcine  or  warp  among  themfelves,  which  hi- 
therto- they  have  had  from  Piedmont.  Whether  they 

thought 
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thought  the  Piedmontefe  reel  could  not  eafily  be 
brought  into  common  ufe,  or  whether  a little  vanity- 
hindered  them  from  copying  or  improving  the  in- 
ventions of  other  nations,  1 will  not  determine.  How- 
ever that  be,  they  applied  themfelves  wholly  to  the 
improvement  of  the  band-reeh 

Two  perfons,  viz.  M.  St.  Pried:  of  Languedoc, 
and  M.  Vaucant^on  of  the  Academy  of  Sciences  at 
Paris,  have,  within  thefe  three  or  four  lad  years, 
brought  the  band-reel  to  the  greated  perfection  of 
which  it  is  capable.  Either  of  their  reds  will  make 
raw  f.lk  fit  for  organcine  or  warp,  provided  they  are 
accurately  made  ; but  a fmall  error  in  their  con- 
druCtion  dedroys  their  perfection.  I have  now  in 
mypoffeffion  a reel  made  according  toM.Vaucan^n's 
method ; where  I can  (hew,  that  in  two  wheels, 
whofe  diameters  differ  but  very  inconfiderably,  one 
fhall  reel  the  filk  properly,  and  the  other  throw  it 
into  a total  Vitrage.  I have  however  given  a de- 
fcription  and  plate  of  this  reel,  in  a treatife  on  the 
culture  of  filk,  which  I publilhed  lad  year,  becaufe 
its  contrivance  is  more  fimple  than  that  of  M.  St. 
Pried,  and  performs  as  well. 

The  Piedmontefe  reel  is  free  from  the  inconve- 
niencies  of  all  thofe  reels  which  ufe  a band  : the 
maker  cannot  eafily  err  in  the  condruCtion ; the  wea- 
ther cannot  affeCt  its  operation  ; nor  is  it  fubjeCt, 
during  its  work,  to  the  many  irregularities  of  the 
band-reel.  The  chief  objections  which  have  hin- 
dered its  being  commonly  ufed  are,  that  four  toothed 
wheels  are  more  difficult  to  be  made  than  two  plain 
grooved  ones ; and  that  being  made  only  of  wood, 
they  arc  eafily  broken.  So  that  it  is  neceffary  to 

§ have 


C *5  ] 

have  a double  fet  of  them,  in  order  to  prevent  thofe 
delays  which  might  happen  by  their  breaking;  be- 
caufe  any  delay  in  the  reeling  of  filk  occafions  a con- 
fiderable  detriment. 

Our  happier  conflitution  doth  not  admit  fuch 
rigorous  laws  as  that  of  Piedmont.  To  make  the 
common  people  adopt  any  new  contrivance,  they 
mult  not  only  know  that  it  is  the  heft,  but  they  mull 
alfo  feel  that  it  can  be  eafiiy  praCtifed.  Thofe  whG 
fuperintend  public  filatures  in  our  colonies  may  in- 
deed, for  the  prefent,  keep  their  workmen  to  the 
Piedmontefe  reel ; but  public  filatures  can  no  more 
produce  large  quantities  of  filk  than  public  fpinning- 
houfes  could  produce  the  vail  quantities  of  linen- 
yarn  which  are  now  raifed  from  private  family- 
wheels  : And  when  the  management  of  filk -worms 
becomes  more  common  in  our  colonies,  and  people 
find  that,  by  reeling  their  own  cocoons,  their  profit 
will  be  nearly  doubled,  and  this  with  much  lefs 
labour  than  was  ufed  in  rearing  the  worms  ; when 
this,  I fay,  fhall  happen  (and  it  is  to  be  hoped  itfoon 
will),  then  the  making  of  the  Piedmontefe  reel  more 
fimple,  and  more  familiar  to  the  common  people, 
will  I believe  appear  a thing  of  coniiderable  import- 
ance to  our  filk  manufactures. 

I fome  time  ago  turned  my  thoughts  to  the  effect- 
ing of  this ; and  fh ould  before  now  have  put  them 
in  execution,  had  I not  diftrufted  my  own  abilities  to 
perform  a thing,  which  the  Piedmontefe  themfelves 
had  not  attempted.  I have  now  conftruCted  a reel, 
which,  without  any  additional  mechanifm,  performs 
the  work  of  the  Piedmontefe  reel,  and  ufes  but  two 
wheels  with  teeth  inftead  of  four  wheels.  It  has 
Vol.  LI.  E been 
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been  examined  by  fome  gentlemen  in  the  filk-trade, 
who  are  well  acquainted  with  the  reels  of  that  coun- 
try, and  allowed  to  work  with  much  more  hmplicitv, 
and  greater  perfection.  Nor  can  I account  why  this 
improvement  was  not  before  attempted,  but  from  the 
ftrong  biafs  of  habit  confining  the  powers  of  inven- 
tion. 

Some  advantages, which  this  reel  feems  to  have  above 
the  prefent  Piedmontefe  reel,  are,  ill,  that  by  a new 
proportion  firuck  between  the  wheels,  the  fiik  thread 
will  not  be  laid  in  the  fame  place  on  the  reel  till  after 
the  winding  of  near  fix  hundred  yards : by  which 
means,  the  thread  having  time  to  dry,  all  Vitrage  is 
avoided  ; whereas  thofe  now  ufed  do  not  reel  above 
an  hundred  and  fifty  yards  till  the  thread  is  laid  in 
the  fame  place. 

adly,  I have  added  to  this  reel  an  improved  me- 
thod of  making  the  double  croifiure  in  as  eafy  a 
manner  as  the  Piedmontefe  now  make  the  lingle 
one  ; the  double  croifiure  giving  a confiderable  per- 
fection to  the  filk  above  what  it  obtains  from  the 
lingle  one. 

As  the  limits  to  which  I purpofe  confining  this 
memoir  will  not  allow  of  a more  extended  deferip- 
tion,  which,  to  gentlemen  not  verfed  in  thefe  matters, 
may  already  be  thought  too  long,  I fiiall  avoid  a 
greater  trefpafs  on  your  attention,  by  a brief  reference 
to  the  annexed  figure  [See  Tab.  II.],  and  to  the 

model  before  you  [ See  Tab.  III.]. 

/ 

Tab.  II.  reprefents  the  prefent  Piedmontefe  reel. 
The  pofition  of  the  four  wheels  is  fihewn  at  A,  B,  C, 
and  D : the  toothed  wheel  A is  fixed  upon  the  axle 
7 of 
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of  the  reel ; and,  as  the  reel  turns,  it  gives  motion 
to  the  two  wheels  B and  C,  which  are  fixed  upon 
one  common  arbre.  The  wheel  C moves  the  wheel 
D,  which  is  placed  horizontal ; and  this,  as  it  re- 
volves, makes  the  guideftick  E F play  forward  and 
backward  in  a groove  made  in  the  upright  G,  the 
guideftick  playing  freely  on  a pin  E fixed  in  this 
wheel.  Two  threads  of  filk,  drawn  from  two  par- 
cels of  cocoons,  which  lie  in  the  copper  of  hot 
water  R,  are  pafled  thro’  the  two  loops  of  the  flop- 
wires  K and  L : they  then  are  twifted  round  each 
other  at  M,  which  is  the  fingle  croiflure  of  the  Pied- 
montefe.  At  M they  are  again  feparated,  and  pafs 
each  through  its  own  guide-wire  at  N and  P ; and 
from  thefe  they  go  to  the  reel,  where,  as  the  reel 
turns,  the  motion  of  the  guideftick  continually  varies 
their  pofition,  and  hinders  them  to  be  laid  on  the 
fame  place. 

The  model  before  you,  reprefented  by  'Tab.  III.  ex- 
hibits the  new  conftrudtion  which  I have  given  to  this 
reel.  The  two  wheels  C and  D of  Tab.  II.  are  laid 
afide  as  fuperfluous : the  arbre  Q^pafles  thro’  a nich  in 
an  upright  fupporter  R,  and,  by  a winch  at  its  end  A, 
gives  motion  to  the  guideftick.  The  plane  of  its 
motion  in  the  Piedmontefe  reel  is  horizontal,  but 
here  it  is  perpendicular.  This  perhaps  made  them 
think  that  the  effedl  would  not  be  the  fame ; but  it 
doth  not  caufe  any  eflential  difference  ; and  if  it  had, 
there  was  a moft  eafy  remedy  for  it. 

Here  therefore  the  expence  and  trouble  of  making 
and  adjufting  two  wheels  and  two  fets  of  teeth  are 
faved,  the  hazard  of  breaking  and  going  out  of  order 
leftened,  and  the  machine  made  more  fimple,  and 
more  familiar  to  the  underftanding. 

E 2 
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As  I intend,  at  a convenient  time,  to  give  a more- 
ample  account  of  the  method  in  which  filk  is  reeled, 
and  of  the  various  attempts  which  have  been  made' 
to  improve  the  filk-reel,  together  with  their  luccefs, 
that  perfons  may  not  wade  their  time  upon  fruitlefs 
experiments  ; and  having  hopes  alfo  that  I (hall  be 
able  to  add  fome  further  improvements  to  it,  of 
which  I have  not  as  yet  had  lei  dire  to  make  trial  ; 
for  thefe  reafons  I fhall  for  the  prefent  take  leave  of 
this  fubjecd,  at  lead  with  this  plead ng  thought,  that 
the  pains  I have  taken  may  pofiibly  hereafter  pro- 
mote the  indudry  and  profit  of  fuch  poor  families  as; 
are,  in  all  countries,  the  fupporters  of  the  filk  ma- 
nufadture. 

Samuel  Pullein. 

In  Tab.  III.  Jig.  i.  at  A is  fhewn  the  manner  in 
which  I have  made  a winch  D,  fixed  in  the  arbre' 
Q^A,  anfwer  the  fame  purpofe  as  the  two  wheels, 
with  teeth,  which  are  ufed  in  the  Piedmontefe  reel ; 
by  which  the  mechanifm  is  rendered  more  fimple, 
and  the  guidedick  F moved  to  the  fame  advantage 
as  with  the  wheels. 

At  Jig.  i.  is  diewn  the  double  croiffure,  made  by' 
means  of  the  crofs  B,  which  I fhall  call  a fwivel- 
crofs.  It  is  made  of  very  flight  fcantling,  fuch  as 
a common  lath  may  afford.  At  h h are  fixed  two 
little  ivory  or  brafs  wheels  with  fmooth  acute-angled 
grooves  in  them  to  receive  the  threads  which  come 
from  the  two  dop-wires  b b.  One  end  of  the  fwivel- 
crofs  K is  fomewhat  broad,  and  reds  upon  the  guide- 
dick F diredtly  in  the  middle  between  the  two 
guide-wires  c c . Here  it  moves  and  plays  freely 

on 
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on  a pin  fixed  in  the  guideflick,  the  pin  palling  thro’ 
the  nieh  m.  The  other  end  of  the  fwivel  M contains 
the  flop-wires  b b,  and  is  attached  to  the  end  of  the 
rod  O,  which  projects  from  the  front  bench  of  the 
reel.  This  attachment  is  made  by  means  of  a piece 
of  packthread  with  a knot  on  its  end  ; which  pack- 
thread paffes  thro’  a hole  in  the  fwivel  and  in  the 
piece  O,  and  being  fixed  to  a peg  P,  which  turns  in 
the  under  part  of  the  piece  O,  is  drawn  to  a proper 
degree  of  ten  lion  to  allow  the  fwivel  to  obey  all  the 
motions  of  the  guideflick. 

The  manner  of  making  the  double  croiffure  is' 
thus : The  two  (ilk  threads  are  paffed  thro’  the  two 1 
flop-wires  b b , and  thro’  the  two  guide-wires  c c9, 
and  fo  are  faflened  to  the  reel.  Then  either  of  the 
two  threads  is  taken  in  that  part  of  it  which  lies  be-- 
tween  the  flop- wire  and  and  guide-wire,  and  turned  i 
two  or  three  times  round  the  other  thread  ; and  then  ' 
each  thread  is  placed  in  the  groove  of  the  pulley  at  hb,. 
taking  care  to  place  each  in  the  groove  of  that  pulley 
which  lies  on  the  fide  of  its  own  flop- wire.  The 
threads  will  then  appear  in  the  fituation  reprefented 
in  the  figure  twilled  round  one  another  in  the  two 
points  o and  p. 

The*  great  advantage  of  this  method  is  the  taking 
off  the  preffure  of  the  threads,  by  making  them  pafs 
over  two  pullies  inflead  of  two  hooks;  and  by  the' 
fwivel  complying  with  all  the  motions  of  the  guide-  ■ 
flick,  which  keeps  the  angles  of  the  croiffure  con-- 
flantly  the  fame : without  this,  the  bearing  of  the 
threads  and  the  variation  of  the  angles  will  make 
them  fo  liable  to  break,  that,  from  many  experi- 
ments which  I have  made,  I might  venture  to  fay. 
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that  tho’  the  double  croiflure  has  many  advantages 
in  compacting  the  filk  thread,  and  fhaking  off  its 
moifture,  yet  without  fuch  contrivance  it  will  fcarce 
ever  be  put  in  practice.  I muft  alio  take  notice,  that 
this  contrivance  is  vaftly  more  iimple  than  that  which 
Monf.  Vaucan9on  ufes,  tho’  his  has  no  one  of  thefe 
advantages.  A defcription  of  his  method  may  be 
feen  in  the  treatife  which  I lately  publifhed  on  the 
culture  of  iilk,  for  the  ufe  of  our  American  colonies, 
fold  by  Mr.  Millar  in  the  Strand ; but  I had  not  at 
that  time  thought  of  thefe  improvements. 

N.  B.  In  Tab.  IILyftr.  2.  the  fwivel-crofs  is  repre- 
fented  fomewhat  large,  and  feparate  from  the 
reel,  the  better  to  diftinguifh  its  parts;  but  at  B, 
Jig.  1.  it  is  fhewn  in  its  true  proportion  and  fitu- 
ation  when  the  reel  is  ready  to  work. 


V.  'Experiments  on  fever al  Pieces  of  Marble 
fained  by  Mr.  Robert  Chambers.  In  a 
Letter  to  the  Rev.  Thomas  Birch,  D.  D . 
Secret . R.  S.  from  Mr.  Emanuel  Mendez 
da  Cofta,  F.  R.  S. 

Rev.  Sir, 

Read  Feb.  8,  TT  Take  the  liberty  to  addrefs  to  you  fome 
1 759*  notices  on  the  art  of  ftaining  or  paint- 

ing of  marble,  and  the  experiments  I made  on  thofe 
pieces  of  painted  marble  produced  before  this  Society, 
at  their  meetings  on  the  21ft  December  and  i ith  Ja- 
nuary laft.  The 
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The  artid,  whom  I alfo  introduced  at  the  fame 
time  to  the  Society,  is  Mr.  Robert  Chambers,  of 
Minching-Hampton  in  Gloucederfhire  ; and  at  my 
delire  he  was  prefent  at  the  experiments  I made  on 
his  faid  painted  marbles. 

But  before  I relate  the  experiments,  it  may  not 
be  improper  to  give  fome  little  hidorical  account  of 
the  art  itfelf : it  will  at  lead;  be  amufing  to  the 
Society. 

Kircher,  in  his  Mundus  Subterraneu r,  lib.  viii.  fed. 
I.  c.  9.  p.  45  & 46.  is  the  firft  author  I know,  who 
mentions  it.  There  was,  fays  he,  an  artid  at  Rome, 
wrho  painted  feveral  pieces  of  marble,  in  an  elegant 
manner,  for  Pope  Urban  VIII.  He  would  not  dif- 
cover  his  art ; therefore  Kircher  drove  by  many  ex- 
periments to  difcover  it : and  he  made  colours,  viz. 
tindures  of  metals  and  minerals,  which  coloured 
the  marble  as  finely  as  any  the  artid  had  done,  and 
quite  penetrated  the  done  ; infomuch  that  a flab  cut 
horizontally  made  as  many  pictures  as  pieces  or  fee- 
tions.  Kircher  gives' at  large  the  procc-fs  he  ufed  for 
making  the  colours  ; and  obferves,  they  fhould  ahvay9 
be  of  a mineral  origin  : which  I incline  alfo  to  believe 
would  anfwer  much  the  bed. 

The  faid  author  (Ibid.)  alfo  gives  another  method 
to  colour  marble,  by  vitriol,  bitumen,  &c.  forming  a 
defign  of  what  you  like  upon  paper,  and  laying  the 
faid  defign  between  two  pieces  of  polidaed  marble ; 
then  doling  all  the  interdices  with  wax,  you  bury 
them  for  a month  or  two  in  a damp  place.  On 
taking  them  up,  you  will  find,  that  the  defign  you 
painted  on  the  paper  has  penetrated  the  marbles,  and 
formed  exadly  the  fame  defign  on  them.  A modern 

author, 


[32] 

author,  Wallerius,  in  his  Mineralogy , vol.  ii.  gen. 
p.  128.  alfo  recommends  this  method. 

In  the  Pbilojophical  Tran  faff  ions,  N°.  7.  the  fir  ft 
method  of  Kircher  is  copied.  The  editor  however 
therein  fays,  that  method  has  not  fince  been  tiied. 
He  adds,  that  one  Mr.  Bird  had  for  many  years  (he 
writes  in  1666)  found  out  a way  to  fink  colours  a 
considerable  depth  into  polifhed  marble  ; pieces 
whereof  were  {hewn  to  King  Charles  II.  Soon  after 
his  reftoration  j and,  being  broken  in  his  prefence, 
it  was  found,  that  the  colours  had  penetrated  deep 
into  the  marbles ; and  that  many  works  o'  his  coloured 
marbles  were  feen  at  Oxford  and  London.  But  Mr. 
Bird’s  way  of  doing  it  is  not  mentioned. 

In  the  Philo/ophicai  Pranjaffions,  N°.  268  is  a 
paper,  intituled,  “ The  Way  of  Colouring  Marble.” 
The  anonymous  author  gives  us  an  account  of  the 
colours,  &c.  he  ufed.  It  is  obfervable  they  are  only 
vegetable  colours.  His  red,  he  fays,  he  extracted 
again  from  the  marble,  without  hurting  the  polish, 
within  fix  and  twenty  hours,  with  oil  of  tartar  per 
deliquium ; and  his  brown  was  quite  difcharged  by 
aquafortis  within  one  quarter  of  an  hour,  and  the 
poliSh  of  the  marble  quite  deftroyed. 

I Shall  now  proceed  to  give  an  account  of  the  ex- 
periments I made.  I could  not  well  fuggeft  any 
more,  as  the  method  of  colouring  the  marble,  the 
materials  of  the  colours,  &c.  are  kept  fecret  by  the 
artift,  Mr  Chambers. 

A piece  of  marble,  with  the  Several  colours  ufed, 
©n  it,  like  a painter’s  pallet,  being  greatly  Saturated 
with  aquafortis,  at  different  times,  for  twenty  hours, 

tho’ 
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tho’  the-  polifli  of  the  marble  was  quite  effaced,  yet 
there  was  not  the  leaft  difcharge  of  any  of  the  co- 
lours, nor  were  they  any-wife  dulled,  &c. 

N°.  6.  A deep  crimfon-red  colour,  being  left 
twenty  hours  in  a ftrong  lye  of  common  foft  green 
foap,  buffered  no  change ; and  boiled  in  the  fame 
lye  half  an  hour,  alfo  buffered  no  change.  Tire 
marble  finely  powdered,  and  aqua  fortis  effufed  over 
it,  the  marble  particles  were  nigh  deft  roved ; but 
feveral  red  particles  (no  doubt  the  colour)  remained. 
The  marble,  by  common  calcination,  i.  e.  in  a com- 
mon coal  fire,  for  half  an  hour,  is  intirely  difeharged 
of  its  colour.  We  made  the  experiments  on  four 
other  reds,  and  the  refult  was  much  the  fame  as 
abovefaid  ; fo  that  this  is  a ftandard  for  his  reds. 

. N°.  5.  A deep  fea-green,  being  left  twenty  hours, 
in  a ftrong  lye  of  common  foft  green  foap,  buffered 
no  change ; but  boiled  in  the  fame  lye  it  quite  dif- 
eharged its  green  colour : however,  it  yet  remained 
flightly  tindured  yellowifh.  By  common  calcina- 
tion the  colour  was  quite  difeharged.  Some  other 
greens  were  tried,  and  anfwered  much  the  fame. 

N°.  10. 15.  & 16.  Brownifh  or  terreftrial  yellowifh 
colours,  near  to  a clay  colour,  boiled  in  a ftrong  lye 
of  common  foft  green  foap,  they  fuffered  no  change. 
By  common  calcination  the  colours  were  difeharged, 
but  retained  a greyifh  caft.  Thefe  colours,  covered 
for  forty-eight  hours  with  a layer  of  the  laid  common 
foap,  fuffered  no  fenfible  change. 

N°.  19.  A bright  yellow,  boiled  in  a ftrong  lye 
of  common  green  foft  foap,  fuffered  no  change  ; 
and  covered  with  a layer  of  the  fame  foap  for  forty-- 
eight  hours,  the  colour  is  dulled.  By  common  cal- 
Vol.  LI.  F cination 


[ 34  ] 

cination  the  colours  are  difcharged,  but  retain  a grey- 
ifh  call.  Several  other  different  fbades  of  yellow 
anfwered  much  the  fame  by  my  experiments. 

For  blue,  Mr.  Chambers  has  not  as  yet  ffained 
any  marble  of  that  colour. 

By  the  above  experiments  we  may  conclude,  that 
thefe  colours  are  good,  penetrate  the  marble  freely 
without  injuring  it,  remain  uninjured  by  menftrua, 
&c.',  and  that  only  calcination  difcharges  them. 
Therefore  it  is  probable,  that  Mr.  Chambers’s  method 
of  flaming  or  colouring  marbles  is  extremely  good. 

Tho’  acid  menflrua  work  greatly  on  marble,  yet 
it  is  obferv.able  thefe  colours  are  not  difcharged  by 
them,  but  only  by  calc. nation  ; which,  as  it  intirely 
and  thoroughly  deffroys  the  compages  of  tire  done, 
the  fubffances  of  the  colours  muff  undoubtedly  at  the 
fame  time  be  exhaled  by  tire  force  of  the  fire.  We 
obferve  a like  procefs  in  the  works  of  nature.;  viz. . 
in  the  dendrites ; I mean,  fuch  as  are  on  alealine 
ffor.es : for  tiro’  the  ffones  are  utterly  corroded  by 
the  acids,  yet  the  dendritoe,  however  merely  fuper- 
fkial,  remain  ; but  if  calcined,  the  faid  dendritar  are 
immediately  exhaled,  and  intirely  difappear. 

This  art  will  not  only  give  pleafure  to  the  eve  by 
regular  paintings  (whereas  the  natural  colourings  of 
marble  are  very  irregular),  but  it  may  be  very  ufeful 
to  blazon  arms,  and  for  inferiptions ; as  fculpture 
alone  can  never  exprefs  colours,  and  chiffefd  inferip- 
tions,  &c.  fuffer  much  by  age  : for  probably  a mo- 
nument of  marble,  rightly  coloured  by  this  method, 
will  be  preferved  ages  from  the  injuries  of  the  weather, 

tho* 
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tho’  at  the  fame  time  the  ftone  itfelf  will  be  fome- 
what  hurt  or  corroded  by  the  air. 

I have  the  honour  to  be. 

Reverend  Sir, 

Your  very  obliged  and  humble  Servant, 


Bearbinder-lane, 
7th  February  1759. 


Emanuel  Mendez  da  Cofta. 


VI.  Obfervations  upoit  the  Sea  Scolopendre, 
or  Sea  Millepes.  By  John  Andrew  Peyf- 
fonel,  M.  D.  F.  R.  S.  'Tranjlated  from 
the  French. 

Read  Feb.  15,  / 1 1 'ARIS  creature,  in  its  figure,  is  like 
I759'  the  Land  Scolopendre,  or,  as  Pliny 

fays,  to  the  hairy  caterpillar,  commonly  called  the 
Milleped  animal.  It  is  of  the  fame  colour,  has  the 
fame  arrangement  of  circular  rings : but  whereas  the 
Land  Scolopendre  is  flat,  this  is  fquare.  I counted 
eighty  rings,  which  form  the  body  and  head,  when 
it  was  brought  to  me.  This  fea  infe<5t  was  very 
fmall,  and  almoft  imperceptible.  I was  furprifed, 
after  having  kept  him  fome  time,  to  fee  a round 
body,  of  a blackifii  green  colour,  like  the  glam  vi- 
rilisi  pafs  out  of  him,  which  had  a confiderable 
opening,  like  the  canal  of  the  urethra.  This  gland 
was  furrounded  by  two  bodies  or  bowels,  which  ap- 
peared in  form  of  a prepuce  turned  back  ; the  one 
Was  yellowifh,  and  the  other  whitilli ; each  but  a 

F 2 line 


[ 36  1 

line  thick,  Wronger  and  larger  above,  and  terminating 
below  like  a ligature,  filled  with  a matter  like  that 
contained  in  the  inteffines  of  fifties  and  infedts.  This 
may  be  what  gave  occafion  to  Pliny,  and  other  na- 
turalifls,  to  think,  that  thefe  infers,  finding  them- 
felves  taken,  throw  out  their  bowels  in  order  to  lefTen 

their  bulk.  . > • 

It  is  very  likely,  that  this  gland,  which  it  pufties 
out,  and  thefe  kinds  of  bowels  full  of  the  lame 
matter,  which  fills  them  within,  which  in  the 
natural  flate  of  the  infedt  do  not  at  all  appear,  but 
are  in  the  infide  of  the  animal,  without  any  figns  of 
their  exigence,  being  pufhed  outwards,  increafe  the 
lize  of  its  head  to  ten  times  its  common  bulk ; and 
are  the  inteffines,  which  he  throws  out  at  times.  Is 
not  the  gland  his  flomach,  and  thefe  prepuces  his 
.ruts,  which  he  protrudes  and  retradfs  at  pleafure  ?* 
To  what  purpofe  this  play  or  adtion  of  thefe  parts  ? 

I profefs  I do  not  know.  It  cannot  be  to  difengage 
himfelf  from  the  machine  ; and  this  muff  be  very 
final},  in  order  to  be  enabled  to  catch  thefe  infedfs. 
If  it  was  of  glafs,  and  of  a bell-form,  the  protrufion 
of  the  flomach  might  be  feen,  in  order  to  ejedt  that 
matter,  whatfoever  it  be,  in  this  play  or  adtion  ; 
which  may  perhaps  be  hereafter  difeovered. 

The  body  of  the  animal  is  fquare ; and  the  four 
fides  are  armed  with  fuch  prickles,  as  I never  faw 
before.  Alfo  every  ring  has  four  bundles  of  prickles.. 
The  following  is  the  manner  of  their  being  dilpofed : 
At  the  end  of  each  ring,  above  the  fquare,  on  each 
fide,  we  fee  a gland,  near  which  a bundle  of  prickles 
arifes  towards  the  fquares  below.  This  bundle  feems 
to  fill  the  whole  ring,  and  to  part  as  it  were  from  the 

center 
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center  of  the  under  fide  ; where  is  a hollow  or  repa- 
ration, which  pa-fifes  in  a right  line  from  the  head  to 
the  tail.  The  bundles  of  prickles  appear  round  at 
firff,  and  terminate  in  points ; but  afterwards  they 
are  feen  to  fpread  out  like  a fan ; fo  that  their  extre- 
mities are  more  than  four  times  the  bignefs  of  their 
bates.  They  contain  an  infinite  number  of  prickles, 
which  are  extremely  fine,  loofe,  and  brilliant,  like  an 
aigrette  of  glafs,  but  more  free  and  loofe.  The  range 
of  pnckles  underneath  fpreads  alfo  like  fans,  ferving 
the  infedt  as  feet ; for  it  is  upon  thefe  he  fiiands,  and 
moves  upon  them  as  the  Scolopendre  does  on  his 
feet. 

Having  put  thefe  Sea  Scolopendres  upon  my  fin- 
gers, they  thruft  a great  number  of  their  prickles 
into  the  lkin,  and  caufed  a fharp  pain  for  fome  hours  : 
i.  was  like  fire  upon  the  part.  It  was  in  vain  that  I 
rubbed  and  walked  the  part ; and  tho’  the  prickles 
were  broken,  yet  the  parts,  that  fiuck  in  the  fielh, 
produced  their  effect,  and  canfed  the  pain  I felt  for 
fome  hours.  Afterwards  it  all  went  off  without  any 
further  ill  coniequence. 


VII.  An 
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VII.  An  Account  of  a Storm  of  Thunder  and 
Lightning  at  Norwich,  on  the  13 th  of 
July  1758.  By  Mr.  Samuel  Cooper  *. 
Communicated  by  Mr.  Jofeph  Warner,  Sur- 
geon of  Guy’s  Hofjpital,  a?id  F.  R.  S. 

Read  Feb.  15,  A BOUT  four  o’clock  on  Thurfday 
17S9'  afternoon,  July  13th  175-8.  a fhort 

but  fevere  thunder- (torm,  with  lightning,  fell  upon 
the  top  of  an  houfe  handing  alone,  and  belonging  to 
a common  garden,  on  the  caufeway  near  SandlingV 
ferry,  in  the  city  of  Norwich  ; llruck  off  the  tiles  of 
the  roof  at  the  eafl  end,  to  the  fpace  of  a yard  or 
two ; burnt  a very  fmall  hole  in  the  middle  of  a 
lath,  in  piercing  into  the  chamber,  and  then  darted 
to  the  north-eaft ; ript  off  the  top  of  an  old  chair, 
without  throwing  it  down  ; fnapt  the  two  heads  of 
the  bed-pofts,  rent  the  curtains,  drove  againft  the 
wall  (the  front  of  the  houfe  ftands  due  north-eaft), 
forced  out  an  upright  of  a window  frame  a yard 
long,  three  inches  broad,  and  two  thick ; fmote  it 
in  a right  line  into  an  oppolite  ditch,  ten  or  twelve 
yards  diftant : then  ft  ruck  down  on  the  wall  of  the 
chamber,  paring  oft  half  a foot’s  breadth  of  its 
plaiftered  covering  quite  down  to  the  floor  ; lifted 
up  a board  of  the  floor,  and  leaving  an  hole  of  half  an 
inch  diameter,  pierced  thro’  by  the  fide  of  the  main 


# This  account  is  confirmed  in  almoft  every  circumfhance  by 
another  communicated  to  the  Royal  Society  in  a letter  from  Mr. 
William  Arderon,  F.R.S.  to  Mr.  Henry  Baker,  F.R.S. 
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beam  into  the  kitchen,  towards  the  weft  end  of  a 
pewter- fhelf ; traverfed  the  whole  fhelf  to  the  eaft, 
and  melted  fuperficially  to  the  breadth  of  a fhilling 
lix  pewter  difhes,  two  plates,  and  a pewter  bafon,  all 
Handing  touching  one  another : two  of  the  difhes 
were  thrown  down,  the  reft  not  difplaced.  Under 
this,  a narrower  fhelf  of  pewter  plates  untouched. 
In  its  defcent  to  the  floor,  knocked  down,  as  fhe 
expreftes  it,  an  ancient  woman  fitting  in  the  paftage 
weft  ward  of  the  fhelves  ; who  being  prefently  taken 
up,  her  fhoulders  and  back  were  found  to  be  fcorched 
all  over,  with  the  hind  part  of  her  left  leg : the  fkin 
almoft  univerfally  red  and  inflamed,  rimpled  in  two  or 
three  places,  but  not  broken : her  (hi ft  burnt  brown, 
flocking  finged,  with  its  colour  of  the  infide  dif- 
charged,  and  the  outftde  unchanged : right  foot  very 
painful  and  bruifed,  with  that  (hoe  ftruck  off,  and 
its  upper-leather  torn  : her  gown  and  other  cloaths 
without  any  damage.  It  pafted  through  the  fame 
paftage  without  injuring  another  old  woman  fitting 
knee  to  knee  with  her  companion ; but  keeping  its 
direction  to  the  north-eaft,  turned  on  a right  angle 
upon  the  outer  door,  fplit  it,  and  pafted  through  into 
the  open  air.  On  a right  line  with  this  paftage  to 
the  weft,  and  under  the  fame  roof  is  the  wafh-houfe, 
where  flood  the  mafter  and  his  man.  They  faw  the 
woman  tumble  down,  and  heard  fuch  a violent  ex- 
plofion,  that  made  them  both  think  the  whole  houfe 
muft  come  down  : and  the  man  fays,  with  fuch  a 
blaze,  as  if  all  was  on  fire ; but  that  was  hut  for  a 
moment.  To  the  eaft  of  the  pewter  fhelves,  and 
under  that  part  of  the  roof  where  it  entered,  it  rufhed 
into  the  kitchen  clofet,  by  tearing  off  a wooden  but- 
ton 
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ton,  that  was  nailed  on,  and  there  took  Tome  pieces 
from  a Delft  difh  without  throwing  it  down,  broke 
a quart  mug,  and  from  a four-ounce  phial  half  full 
of  oil  cut  off  its  empty  half  part  without  fpilling  a 
drop  of  the  oil.  The  activity  of  the  lightning  was 
with  abated  violence  to  all  other  points  of  the  ccm- 
pafs  j but  not  without  fome  conliderable  degree  of 
force  ; for  it  fcraped  the  plainer  off  the  wall  in 
many  different  and  difhnt  places,  both  in  the  cham- 
ber and  kitchen  : and  to  the  fouth-weft  of  the  cham- 
ber, where  was  the  window,  broke  many  panes  of 
glafs,  and  tore  the  lead  outwardly,  without  melting 
it ; and  broke  two  panes  of  the  kitchen  window, 
with  its  lead,  fituated  under  the  chamber  window. 
Both  kitchen  and  chamber  lmelt  as  flrong  of  ful- 
phur  fome  hours  after,  as  if  fumigated  with  brim- 
lfone  matches. 

Sam.  Cooper. 


VIII.  Experiments  concerning  the  Encauftic 
Painting  of  the  Ancients . In  a Eetter  to 

the  Right  Honourable  George  Earl  of 
Macclesfield,  P ref  dent  of  the  Royal  Society , 
from  Mr.  Jofiah  Colebrooke,  F.  R.  S. 

My  Lord, 

Read  Mar.  i.  /'  | ^ H E refult  of  experiments  (what- 
f ever  the  fuccefs  attending  them 
may  be),  in  philofophical  or  mechanical  inquiries,  is 
not  below  the  attention  of  the  Royal  Society. 


The 
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The  art  of  painting  with  burnt  wax,  (as  it  is  called) 
hath  long  been  loft  to  the  world;  the  ufe  of  it  to 
painters,  in  the  infancy  of  the  art  of  painting,  was 
of  the  utmoft  confequence,  drying  oil  being  un- 
known, they  had  nothing  to  prefer ve  their  colours 
entire  from  the  injury  of  damps,  and  the  heat  of  the 
fun ; a varnifh  of  fome  fort  was  therefore  neceftary ; 
but  they  being  unacquainted  with  diftilled  fpirits, 
could  not,  as  we  now  do,  diffolve  gums  to  make  a 
tranfparent  coat  for  their  pidtures;  this  invention 
therefore  of  burnt  wax  fupplied  that  defedt  to  them, 
and  with  this  manner  of  painting,  the  chambers  and 
other  rooms  in  their  houfes  were  furnifhed;  this  Pliny 
calls  encauftum , and  we  cncauftick  painting. 

The  following  experiments  which  I have  the  ho- 
nour to  lay  before  your  Lordfhip  and  the  Society, 
were  occaiioned  by  the  extradt  of  a letter  from  the 
Abbe  Mazeas,  tranflated  by  Dr.  Parfons,  and  pub- 
lithed  in  the  fecond  part  of  the  4.9th  volume  of  the 
Pbilofophical  Tranfatiions , N°  100,  concerning  the 
antient  method  of  painting  with  burnt  wax,  revived 
by  Count  Caylus. 

The  Count’s  method  was, 

Fir  ft.  To  rub  the  cloth  or  board  defigned  for  the 
pidture  limply  over  with  bees-wax. 

Secondly , To  lay  on  the  colours  mixed  with  com- 
mon water;  but  as  the  colours  will  not  adhere  to 
the  wax,  the  whole  pidture  was  firft  rubbed  over 
with  * Spanilh  chalk,  and  then  the  colours  are  tiled. 
Vol.LI.  G Thirdly , 


* Spanilh  chalk  is  called  by  Dr.  Parfons,  in  a note,  Spanilh  white  ; 
this  is  a better  kind  of  whitening  than  the  common,  and  was  the 

only 
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Thirdly,  When  the  picture  is  dry,  it  is  put  near 
the  fire,  whereby  the  wax  melts,  and  abforbs  all 
the  colours. 


Experiment  I. 

A piece  of  oak  board  was  rubbed  over  with  bees- 
wax, firft  again  ft  the  grain  of  the  wood,  and  then  with 
the  grain,  to  fill  up  all  the  pores  that  remained  after 
it  had  been  planed,  and  afterwards  was  rubbed  over 
with  as  much  dry  Spanifh  white,  as  could  be  made 
to  ftick  on  it;  this,  on  being  painted  (the  colours 
mixed  with  water  only),  fo  clogged  the  pencil,  and 
mixed  fo  unequally  with  the  ground,  that  it  was  im- 
poftible  to  make  even  an  outline,  but  what  was  fo 
much  thicker  in  one  part  than  another,  that  it  would 
not  bear  fo  much  as  the  name  of  painting  ; neither 
had  it  any  appearance  of  a picture  : However  to 
purfue  the  experiment,  this  was  put  at  a diftance 
from  the  fire,  on  the  hearth,  and  the  wax  melted  by 
flow  degrees ; but  the  Spanifh  white  (tho’  laid  as 
fmooth  as  fo  foft  a body  would  admit,  before  the 
colour  was  laid  on)  yet  on  melting  the  wax  into  it, 
was  not  fufficienf  to  hide  the  grain  of  the  wood,  nor 
fhew  the  colours  by  a proper  whitenefs  of  the  ground, 
the  wax  in  rubbing  on  the  board,  was  unavoidably 


only  white  that  had  the  name  of  Spanifh  annexed  to  it,  that  I 
could  procure,  tho’  I enquired  for  it  at  moft  if  not  all  the  colour 
(hops  in  town. 

My  friend  Mr.  Dacofla  fhewed  me  a piece  of  Spanifh  chalk  in 
his  colle&ion,  which  feemed  more  like  a cimolia  (tobacco  pipe 
clay),  and  was  the  reafon  of  my  ufing  that  in  one  of  the  experi- 
ments. 
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thicker  in  fome  parts  than  other,  and  the  Spanifh 
white  the  fame  : on  this  I fufpedted  there  muft  be 
fome  miftake  in  the  Spanilh  white  and  made  the  en- 
quiry mentioned  in  the  note  * pag.  41. 

To  obviate  the  inequality  of  the  ground  in  the 
firft  experiment; 

Experiment  II. 

A piece  of  old  wainfcoat  (oak  board)  i of  an  inch 
thick,  which  having  been  part  of  an  old  drawer, 
was  not  likely  to  fhrink  on  being  brought  near  the 
fire  ; this  was  fmoothed  with  a fifli-fkin,  made  quite 
warm  before  the  fire,  and  then  with  a brufh  dipped 
in  white  wax,  melted  in  an  earthen  pipkin  fmeared 
all  over,  and  applied  to  the  fire  again,  that  the  wax 
might  be  equally  thick  on  all  parts  of  the  board,  a 
ground  was  laid  (on  the  waxed  board)  with  levigated 
chalk  mixed  with  gum  water  (viz.  Gum  Arabick 
diflolved  in  water) : When  it  was  dry,  I painted  it  with 
a kind  of  landfldp,  and  purfuing  the  method  laid 
down  by  Count  Caylus,  brought  it  gradually  to  the 
fire ; I fixed  the  pi&ure  on  a fire  fcreen  which  would 
preferve  the  heat,  and  communicate  it  to  the  back 
part  of  the  board,  this  was  placed  firfl:  at  the  dis- 
tance of  three  feet  from  the  fire,  and  brought  for- 
ward by  flow  degrees  till  it  came  within  one  foot  of 
the  fire,  which  made  the  wax  fwell  and  bloat  up  the 
picture;  but  as  the  chalk  did  not  abforb  the  wax,  the 
picture  fell  from  the  board  and  left  it  quite  bare. 

G 2 
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Experiment  III. 

I mixed  three  parts  white  wax,  and  one  part 
white  refin,  hoping  the  tenacity  of  the  refin  might 
preferve  the  picture.  This  was  laid  on  a board 
heated,  with  a brufh,  as  in  the  former;  and  the 
ground  was  chalk,  prepared  as  before.  This  was 
placed  horizontally  on  an  ironing  box,  charged  with 
an  hot  heater,  fhifting  it  from  time  to  time,  that  the 
wax  and  refin  might  penetrate  the  chalk  ; and  hoping 
from  this  pofition,  that  the  ground,  bloated  by  melt- 
ing the  wax,  would  fubfide  into  its  proper  place  : 
but  this,  like  the  other,  came  from  the  board,  and 
would  not  at  all  adhere. 

Experiment  IV. 

Prepared  chalk  four  drams,  white  wax,  white 
refin,  of  each  a dram,  burnt  alabafler  half  a dram, 
were  all  powdered  together  and  fifted,  mixed  with 
fpirit  of  moloffes  inftead  of  water,  and  put  for  a 
ground  on  a board  fmeared  with  wax  and  refin,  as 
in  Exp.  3.  This  was  alfo  placed  horizontally  on  a 
box-iron,  as  the  former : the  pidture  biift'ered,  and 
was  cracked  all  over  ; and  tho’  removed  from  the 
box-iron  to  an  oven  moderately  heated  (in  the  fame 
horizontal  pofition),  it  would  not  fubfide,  nor  be- 
come fmooth.  When  it  was  cold,  I took  an  iron 
fpatula  made  warm,  and  moved  it  gently  over  the 
furface  of  the  picture,  as  if  I were  to  fpread  a plaifter. 
(This  thought  occurred,  from  the  board  being  pre- 
pared with  wax  and  refin,  and  the  ground  having  the 
fame  materials  in  its  compofition,  the  force  of  the 
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fpatula  might  make  them  unite.)  This  fucceeded  fo 
well,  as  to  reduce  the  furface  to  a tolerable  degree  of 
fmoothnefs : but  as  the  ground  was  broke  off  in 
many  places,  I repaired  it  with  flake  white,  mixed  up 
with  the  yolk  of  an  egg  and  milk,  and  repainted  it 
with  moloffes  fpirit  (inflead  of  water) ; and  then  put 
it  into  an  oven  with  a moderate  degree  of  heat.  In 
this  I found  the  colours  fixed,,  but  darker  than  when 
it  was  firft  painted ; and  it  would  bear  being  walked 
with  water,  not  rubbed  with  a wet  cloth. 

Experiment  V. 

A board  (that  had  been  ufed  in  a former  experi- 
ment) was  fmeared  with  wax  and  refin,  of  each 
equal  parts ; was  wetted  with  moloffes  fpirit,  to  make 
whitening  (or  Spanifh  white)  mixed  with  gum-water 
adhere.  This,  when  dry,  was  feraped  with  a knife, 
to  make  it  equally  thick  in  all  places.  It  was  put  into 
a warm  oven,  to  make  the  varnifh  incorporate  partly 
with  the  whitening  before  it  was  painted  ; and  it  had 
only  a fmall  degree  of  heat : water  only  was  ufed 
to  mix  the  colours.  This  was  again  put  into  an 
oven  with  a greater  degree  of  heat  j but  it  flaked  off 
from  the  board  : whether  it  might  be  owing  to  the 
board’s  having  had  a fecond  coat  of  varnifh  (the 
firff  having  been  feraped  and  melted  off),  and  that 
the  undtuous  parts  of  the  wax  had  fo  entered  its 
pores,  that  it  would  not  retain  a fecond  varnifh,  I 
cannot  tell. 

Experiment  VI. 

Having  mifearried  in  thefe  trials,  I took  a new 
board,  planed  fmooth,  but  not  polifhed,  either  with 
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a fifh-fkin  or  ru  flies : I warmed  it,  and  fmeared  it 
with  wax  only ; then  took  cirnolia  (tobacco-pipe 
clay)  diverted  of  its  fand,  by  being  dirt'olved  in  wa- 
ter and  poured  off,  leaving  the  coarfe  heavy  parts  be- 
hind. After  this  was  dried  and  powdered,  I mixed 
it  with  a fmall  quantity  of  the  yolk  of  an  egg  and 
cow’s  milk,  and  made  a ground  with  this  on  the 
waxed  board : this  I was  induced  to  try,  by  know- 
ing that  the  yolk  of  an  egg  will  dirt'olve  almort  all 
undtuous  fubftances,  and  make  them  incorporate 
with  water ; and  I apprehended,  that  a ground,  thus 
prepared,  would  adhere  fo  much  the  more  firmly  to 
the  board  than  the  former  had  done,  as  to  prevent 
its  flaking  off.  The  milk,  I thought,  might  anfwer 
two  purpoles ; firft,  uniting  the  ground  with  the 
wax  i and  fecondly,  by  anfwering  the  end  of  fize, 
or  gum-water,  and  prevent  the  colours  finking  too 
deep  into  the  ground,  or  running  one  into  another. 
When  the  ground  was  near  dry,  I fmoothed  it  with 
a pallat-knife,  and  wafhed  with  milk  and  egg  where 
I had  occafion  to  make  it  fmooth  and  even : when 
dry  I painted  it,  mixing  the  colours  with  common 
water ; this,  on  being  placed  horizontally  in  an  oven, 
only  warm  enough  to  melt  the  wax,  flaked  from 
the  board  j but  held  fo  much  better  together  than 
any  of  the  former,  that  I parted  part  of  it  on 
paper. 
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Experiment  VII. 

* Flake  white  mixed  with  egg  and  milk,  crumbled 
all  to  pieces  in  the  oven,  put  on  the  waxed  board,  as 
in  the  lad:  experiment. 

The  bad  fuccefs  which  had  attended  all  the  former 
experiments,  led  me  to  confider  of  what  ufe  the  wax 
was  in  this  kind  of  painting  : and  it  occurred  to 
me,  that  it  was  only  as  a varnifh  to  preferve  the  co- 
lours from  fading. 

In  order  to  try  this, 

Experiment  VIII. 

I took  what  the  bricklayers  call  fine  duff,  or  put- 
ty ■f* ; to  this  I added  a fmall  quantity  of  burnt  ala- 
bafter,  to  make  it  dry  : this  it  foon  did  in  the  open 
air ; but  before  I put  on  any  colours,  I dried  it  gently 
by  the  fire,  led  the  colours  fhould  run.  When  it 
was  painted,  I warmed  it  gradually  by  the  fire  (to 
prevent  the  ground  from  cracking),  till  it  was  very 
hot.  I then  took  white  wax  three  parts,  white  refin 
one  part,  melted  them  in  an  earthen  pipkin,  and 
with  a brufh  fpread  them  all  over  the  painted  board, 
and  kept  it  clofe  to  the  fire  in  a perpendicular 
fituation,  that  what  wax  and  refin  the  plaider  would 
not  abforb  might  drop  off.  When  it  was  cold,  I 
found  the  colours  were  not  altered,  either  from  the 


* Flake  white  is  the  pureft  fort  of  white  lead, 
t Putty  is  lime  flacked,  and,  while  warm,  diffolved  in  water, 
and  drained  through  a fieve. 
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heat  of  the  fire,  or  paffing  the  brufh  over  them.  I 
then  rubbed  it  with  a foft  linen  cloth,  and  thereby 
procured  a kind  of  glofs,  which  I afterwards  in- 
creafed  by  rubbing  it  with  an  hard  brufh  j which 
was  fo  far  from  fcratching  or  leaving  any  marks  on 
the  picture,  that  it  became  more  fmooth  and  polifhed 
by  it. 

After  I had  made  all  the  foregoing  experiments,  in 
converfation  with  my  honoured  and  learned  friend 
Dr.  Kidby,  a fellow  of  this  Society,  I faid  I had 
been  trying  to  find  out  what  the  encauftic  painting 
of  the  ancients  was.  Upon  which,  he  told  me,  that 
there  was  a paffage  in  Vitruvius  de  architeclura  rela- 
tive to  that  kind  of  painting  ; and  was  fo  good  as  to 
tranfcribe  it  for  me  from  the  7th  book,  chap.  9.  De 
minii  temperaturci.  Vitruvius’s  words  arej  Jt  jiquis 
fubtilior  fuerit , & voluerit  expolitionem  miniaceam 
j'uum  colorem  retinere , cum  paries  expolitus  & aridus 
fuerit 7 tunc  ceram  punicam  liquefadiam  igni , paulo 
oleo  temperatam3  feta  inducat  3 delude  poflea  carboni- 
bus  inferreo  vaje  compoftis , earn  ceram  apprime  cum 
pariete , calefaciendo  J'udare  cogat , fiatque  ut  perce- 
quetur3  deinde  cum  candela  linteifque  puris  Jubigaty 
uti  figna  marmorea  nuda  curantur.  Htec  autem 
xctvais  grace  dicitur.  lta  ob/lans  ceree  punica  lorica 
non  patitur , nec  lunce  fplendorem3  nec  foils  radios  lam- 
bendo  eripere  ex  bis  politionibus  colorem. 

Which  I thus  tranflate  : “ But  if  any  one  is  more 
<f  wary,  and  would  have  the  polifhing  [painting] 
with  vermilion  hold  its  colour,  when  the  wall  is 
painted  and  dry,  let  him  take  Carthaginian  [Bar- 
lt  bary]  wax,  melted  with  a little  oil,  and  rub  it  on 
<{  the  wall  with  an  hair  pencil  j and  afterwards  let 
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<l  him  put  live  coals  into  an  iron  veffel  (chafing-difh), 
<c  and  hold  it  clofe  to  the  wax,  when  the  wall,  bv 
<f  being  heated,  begins  to  fweat ; then  let  it  be  made 
“ fmooth  : afterwards  let  him  rub  it  with  a * candle 
" and  'f-  clean  linen  rags,  in  the  fame  manner  as  they 
“ do  the  naked  marble  ftatues.  This  the  Greeks  call 
“ xavo-is.  The  coat  of  Carthaginian  wax  (thus  put 
“ on)  is  fo  ftrong,  that  it  neither  buffers  the  moon 
<c  by  night,  nor  the  fun- beams  by  day,  to  deftroy 
“ the  colour.” 

Being  fatisfied,  from  this  paffage  in  Vitruvius, 
that  the  manner  of  ufing  wax  in  Exp.  8.  was 
right,  I was  now  to  find  if  the  wax-varnifh,  thus 
burnt  into  the  pidture,  would  bear  wafhing  : but 
here  I was  a little  difappointed  ; for  rubbing  one 
corner  with  a wet  linen  cloth,  fome  of  the  colour 
came  off ; but  wafhing  with  a loft  hair  pencil  dipped 
in  water,  and  letting  it  dry  without  wiping,  the  co- 
lours flood  very  well. 

A board  painted,  as  in  Exp.  8,  was  hung  in  the 
moft  fmoaky  part  of  a chimney  for  a day,  and  ex- 


* This  account  of  the  method  of  polifhing  [painting]  walls 
coloured  with  vermilion,  gave  me  great  fatisfadfion,  as  it  proved 
the  method  I had  taken  in  experiment  8.  (which  1 had  tried 
before  I faw  or  knew  of  this  paffage  in  Vitruvius)  wa6  right.  The 
ufe  of  the  candle,  as  I apprehend,  was  to  melt  the  wax  on  the 
walls,  where  by  accident  the  brufli  had  put  on  too  much,  or  afford 
wax  where  the  brufh  had  not  put  on  enough,  or  had  left  any  part 
bare. 

f The  rubbing  the  wall  with  a linen  cloth,  while  warm,  will 
do  very  well,  where  there  is  only  one  colour  to  be  preferved  ; but 
where  there  are  many,  as  in  a landfchape,  it  will  be  apt  to  take  off 
fome,  or  render  the  colouring  rather  faint ; which  I found  by 
wiping  the  wax  off  from  a painting  while  it  was  hot. 

V O L.  LI.  II 
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pofed  to  the  open  air  in  a very  foggy  night.  In  the 
morning  the  board  was  feemingly  wet  through,  and 
the  water  ran  off  the  pi&ure.  This  was  buffered  to 
dry  without  wiping ; and  the  pidure  had  not  buffered 
at  all  from  the  fmoke  or  the  dew,  either  in  the 
ground  or  the  colours : but  when  dry,  by  rubbing  it, 
firff  with  a foft  cloth,  and  afterwards  with  a brufh,  it 
recovered  its  former  glofs. 

Sufpeding  that  fome  tallow  might  have  been 
mixed  with  the  white  wax  I had  ufed,  which  might 
caufe  the  colours  to  come  off  on  being  rubbed  with 
a wet  cloth,  I took  yellow  wax  which  had  been 
melted  from  the  honeycomb  in  a private  family, 
and  confequently  not  at  all  adulterated  ; to  three 
parts  of  this  I added  one  part  refin,  and  melted 
them  together. 


Experiment  IX. 

Spanifh  white,  mixed  with  frfh  glew,  was  put  for 
a ground  on  a board,  and  painted  with  water  colours 
only.  The  board  was  made  warm  ; and  then  the 
wax  and  refin  were  put  on  with  a brufh,  and  kept 
clofe  to  the  fire  till  the  picture  had  imbibed  all  the 
varnifh,  and  looked  dry.  When  it  was  cold,  I rub- 
bed it  firff  with  a linen  cloth,  and  then  poliffied  it 
with  an  hard  brufh. 

In  thefe  experiments  I found  great  difficulties  with 
regard  to  colours  > many  water  colours  being  made 
from  the  juices  of  plants,  have  fome  degree  of  an 
acid  in  them  ; and  thefe,  when  painted  on  an  alka- 
line ground,  as  chalk,  whitening,  cimolia , and  plaifter, 
are,  totally  changed  their  colours,  and  from  green 
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became  brown  j which  contributed  much  to  make 
the  experiments  tedious.  I would  therefore  advife 
the  ufe  of  mineral  or  metallic  colours  for  this  fort 
of  painting,  as  moft  likely  to  preferve  their  colour  : 
for  although  I neutralized  Spanifh  white,  by  fer- 
menting it  with  vinegar,  and  afterwards  wafhed  it 
very  well  with  water,  it  did  not  fucceed  to  my  wifh. 

Thefe  experiments,  and  this  paffage  from  Vitruvius, 
will  in  fome  meafure  explain  the  obfcurity  of  part  of 
that  paffage  in  Pliny  which  Dr.  Parfons,  in  his  learned 
comment  on  the  encauftic  painting  with  wax,  feems 
to  defpair  of. 

Ceris  pingere  was  one  fpecies  of  encauftic  painting. 
Ewtauo-TOK,  inufium , may  be  tranflated,  forced  in  by 
the  means  of  fire,  burnt  in : for  whatever  is  forced 
in  by  the  help  of  fire  can  be  rendered  into  Latin  by 
no  other  fignificant  word,  that  I know  of,  but  in- 
uftum.  If  this  is  allowed  me,  and  I think  I have 
the  authority  of  Vitruvius  (a  writer  in  the  Auguftan 
age)  for  it,  who  feems  to  have  wrote  from  his  own 
knowlege,  and  not  like  Pliny,  who  copied  from 
others  much  more  than  he  knew  himfelf,  the  diffi- 
culty with  regard  to  this  kind  of  painting  is  folved, 
and  the  encauftic  with  burnt  wax  recovered  to  the 
public. 

What  he  means  by  the  next  kind  he  mentions, 
in  ebore  cejiro  id  eft  viriculo , I will  not  attempt  to 
explain  at  prefent. 

The  fhip  painting  is  more  ealily  accounted  for: 
the  practice  being,  in  part,  continued  to  this  time; 
and  is  what  is  corruptly  called  breaming,  for  bren- 
ning  or  burning.  This  is  done  by  reeds  fet  on  fire, 
and  held  under  the  fide  of  a fhip  till  it  is  quite  hot ; 
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then  relin,  tallow,  tar,  and  brimftone,  melted  toge- 
ther, and  put  on  with  an  hair  brufh  while  the  plank9 
remain  hot,  make  fuch  a kind  of  paint  as  Pliny  de- 
fcribes  j which,  he  fays,  nec  J'ole , nec  fale , ventifque 
corrumpitur , as  they  were  ignorant  of  the  ufe  of  oil 
painting,  they  mixed  that  colour  with  the  wax,  &c. 
which  they  intended  for  each  particular  part  of  the 
fhip,  and  put  it  on  in  the  manner  above  deferibed. 

In  the  pictures  painted  for  thefe  experiments,  and 
now  laid  before  your  Lordfhip  and  the  Society,  I 
hope  neither  the  defign  of  the  landfchape,  nor  the 
execution  of  it,  will  be  fo  much  taken  into  confi- 
deration  as  the  varnifh  (which  was  the  thing  wanted 
in  this  inquiry) : and  I think  that  will  evince,  that 
the  encauftic  painting  with  burnt  wax  is  fully  reftored 
by  thefe  experiments ; and  though  not  a new  inven- 
tion, yet  having  been  loft  for  fo  many  ages,  and  now 
applied  further,  and  to  other  purpofes  than  it  was  by 
Vitruvius  (who  confined  it  to  vermilion  only),  may 
almoft  amount  to  a new  difeovery,  the  ufe  of  it  may 
be  a means  of  preferving  many  curious  drawings  to 
* pofterity : for  this  kind  of  painting  may  be  on 
paper,  cloth,  or  any  other  fubftancc  that  will  admit 
a ground  to  be  laid  on  it.  The  procefs  is  very  fimple, 
and  is  not  attended  with  the  difagreeable  fmell  un- 
avoidable in  oil  painting,  nor  with  fome  inconveniences 
infeparable  from  that  art ; and  as  there  is  no  fubftance 
we  know,  more  durable  than  wax,  it  hath  the  greateft 
probability  of  being  lafting. 


* A bird  painted  by  Mr.  Edwards  on  paper,  and  the  colours  fixed 
by  burned  wax,  was  fhewn  to  the  Society,  April  5th. 
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I afk  pardon  of  your  Lordfhip  and  the  Society 
for  taking  up  fo  much  time  as  this  paper  hath  re- 
quired : but  if  it  meets  with  your  Lordfhip’s  and  the 
Society’s  approbation,  I may,  in  fome  future  paper 
(when  the  neceffary  avocations  of  my  profeffion  will 
allow  me  leifure),  lay  before  you  fome  experiments, 
relating  to  colours  which  are  not  likely  to  change  by 
being  painted  on  any  kind  of  ground. 

As  your  Lordfhip’s  recommendation  contributed 
much  to  make  me  a member  of  this  learned  body, 
I muft  beg  your  patronage  of  this  communication  ; 
and  am,  with  the  greated  refpedt. 

Your  Lordfhip’s  and  the  Society's 
Mod:  obedient  humble  Servant, 


Budge-row, 
February  27,  1 759. 


Jofiah  Colebrooke. 


IX.  A Letter  concerning  the  fuccefs  of  the 
precedmg  Experiments.  In  a Letter  to  the 
Right  Ho72ourahle  Lord  Charles  Caven- 
dilh,  V \ P.  R.  S.  fro?n  Mr.  Jofiah  Cole- 
brooke, F.  R . S. 

My  Lord, 

Read  April  5.  TTN  a paper  (I  lately  had  the  honour  to 
X % before  the  Royal  Society,  on  the 
encaudic  painting  of  the  ancients)  I mentioned  an. 
ufe  which  might  be  made  of  it  to  preferve  dra  wings. 
I have  now  the  pleafure  of  laying  before  your  Lord- 
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fhip  and  the  Society  a fpecimen  of  the  encauftic 
upon  paper,  being  a bird  drawn  by  Mr.  George  Ed- 
wards, a fellow  of  this  Society,  on  paper  prepared 
with  a ground  of  whitening  and  fifh-glew,  painted 
with  water  colours,  and  then  the  wax,  &c.  burned 
in.  This  will  roll  up  as  eafily  as  common  paper, 
without  cracking  the  varniih.  There  are  alfo  two 
landfchapes,  painted  by  a young  lady,  after  the  fame 
manner,  on  wood.  Thefe  will  fully  evince  all  I 
advanced  in  that  paper. 

I am,  my  Lord,  with  the  greateft  refpedt, 

Your  Lordfhip’s  mod  humble  Servant, 


B u Jge.ro  w, 
April  5,  1759. 


Jofiah  Colebrooke. 


X.  An  Account  of  a particular  Species  of  Co- 
coon, or  Silk-pod,  from  America.  By  the 
Reverend  Samuel  Pullein,  M.  A . 

Read  Mar.  8,  T TTAVING  lately  feen  the  aurelia  of  a 
XTl  particular  fpecies  of  caterpillar,  I 
judged,  from  its  texture  and  confidence,  that  there 
might  be  procured  from  it  a filk  not  inferior  to  that 
of  the  common  filk-worm  in  its  quality,  and  in  its  - 
quantity  much  fuperior.  I have  made  fome  expe- 
riments on  this  new  fpecies  of  filk-pod,  which 
ftrengthen  this  opinion. 

This  pod  is  about  three  inches  and  a quarter  in  length, 
and  above  one  inch  in  diameter  j its  outward  form  not 
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fo  regular  an  oval  as  that  of  the  common  filk- 
worm  ; its  confidence  fomewhat  like  that  of  a dried 
bladder,  when  not  fully  blown  ; its  colour  of  a red- 
difii  brown ; its  whole  weight  2 1 grains. 

Upon  cutting  open  this  outer  integument,  there 
appeared  in  the  infide  a pod  completely  oval,  as 
that  of  the  filk-worm.  It  was  covered  with  fome 
flofs-filk,  by  which  it  was  connected  to  the  cuter 
coat,  being  of  the  fame  colour.  Its  length  was  two 
inches  ; its  diameter  nearly  one  inch  ; and  its  weight 
nine  grains. 

The  pod  could  not  be  eafily  unwinded,  becaufe  it 
was  perforated  by  the  moth  : but,  upon  putting  it 
in  hot  water,  I reeled  off  fo  much  as  fufficed  to 
form  a judgment  of  the  ffrength  and  ffaple  of  its 
filk. 

The  fingle  thread  winded  off  the  pod  in  the  fame 
manner  as  that  of  the  common  filk-worm  : feemingr 
in  all  refpe&s  as  fine,  and  as  tough.  I doubled  this 
thread  fo  often  as  to  contain  twenty  in  thicknefs ; 
and  the  compound  thread  was  as  fmooth,  as  ela- 
ffic,  and  as  gloffy,  as  <that  of  the  common  filk- 
worm.  I tried  what  weight  it  would  bear  j and 
it  bore  fifteen  ounces  and  a half,  and  broke  with 
fomewhat  lefs  than  fixteen,  upon  feveral  trials.  I 
then  tried  a thread  of  the  common  filk-worm, 
which  was  alfo  compofed  of  twenty  (in  thicknefs  it 
rather  exceeded  the  other) ; and  it  broke  always  with 
fifteen  ounces. 

I boiled  a part  of  the  cocoon  in  water,  for  the 
fpace  of  four  hours,  that  I might  know  whether  it 
was  compofed  of  a gum  in  any  fort  mucilaginous ; 

and 
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and  I found  that  it  was  as  indiffoluble  as  that  of  the 
common  filk-worm. 

The  common  lilk-pod,  with  all  its  flofs,  weighs 
ufually  but  three  grains  : and  here  is  a pod  which 
weighs  feven  times  as  much.  If  the  outer  coat, 
which  weighed  twelve  grains,  were  all  to  be  ufed 
only  as  flofs-filk,  there  remain  nine  grains,  capable 
of  being  reeled  ; which  is  above  three  times  as  much 
as  can  be  reded  from  the  common  cocoon.  But  I 
am  of  opinion,  that  when  the  pod  is  frefh,  and  not 
hardened  by  age,  the  whole  outer  coat  may  be  reeled 
off:  for  the  pod  on  which  I made  thefe  trials  was 
feven  or  eight  years  old. 

Upon  enquiry,  I have  found  that  the  moth  of 
this  pod  is  called  the  Iiinglafs  by  Marian.  It  is  a 
very  large  moth,  being  five  inches  from  the  tip  of 
each  wing  extended.  It  differs  from  the  fflk-motb, 
in  that  it  has  a probofeis  j which  intimates  tnat  it 
feeds  in  its  papilio  ffate,  whereas  the  filk-moth 
never  eats. 

The  caterpillar  which  produces  this  pod  is  a na- 
tive of  America.  It  was  found  in  Peniylvania  : the 
pod  was  fixed  to  the  fmall  branch  of  a tree,  which 
l'eemed  to  be  either  of  the  crab  or  hawthorn  fpecies. 

The  leaf  of  the  tree  had  alio  helped  to  fupport 
the  pod  ; for  the  mark  of  its  ribs  was  apparent  cn 
the  furface  of  the  pod. 

I do  not  conceive  that  it  will  be  at  all  difficult  to 
find  out  the  caterpillar,  or  the  tree  it  feeds  on  ; or 
to  reel  fuch  a quantity  of  the  filk  as  (hall,  when 
woven  into  ribband,  more  fully  demonflrate  whe- 
ther it  be  of  that  value  which  I judge  it.  For  by 
3 comparing 
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comparing  it  with  the  cocoon  of  the  wild  Chincie 
filk-worm,  from  which  an  excellent  fpecies  of  111  k 
is  made,  I have  no  doubt  of  its  being  the  fame 
fpecies;  and  would  be  glad  if,  by  this  memorial, 
I could  induce  the  people  of  America  to  make  trial 
of  it. 


Samuel  Pullcin. 


Vcl.  LI. 


I 


A The  ■- ■ 
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XI.  A 'Thermometrical  Account  of  the  Wea- 
ther, for  One  Year , beginning  September 
1753.  Kept  in  Maryland,  by  Mr.  Richard 
Brooke,  Phyfcian  and  Surgeon  in  that 
Province.  Communicated  by  Air.  Henry 
Baker,  F.  R.  S. 
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D° 

56 

Rained. 

D° 

8 

52 

Cloudy. 

D° 

54 

Clear. 

D° 

9 

53 

Drizzle. 

D° 

56 

Clouds. 

D° 

IO 

57 

Cloudy. 
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46 

D° 

D° 

70 

D° 

S. 

24 

48 

D° 

D° 

59 

D° 

D° 

26 

58 

Rain.  Thunder. 

D° 

58 

Rained. 

N.W. 

27 

54 

Cloudy. 

D° 

60 

Clear. 

S. 

28 

52 

Clear. 

D° 

59 

Flying  clouds.  Eaftw.  Froft 

29 

48 

D° 

D° 

53 

Smoky. 

S.W. 

3 0 

54 

Smoky. 

S.  W. 

73 

D® 

Do 

K 
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M A Y. 


A.M 

Wind  and  Weather. 

P.M 

$ 

9 

1 

66 

Cloudy. 

S.W. 

66 

2 

54 

Drizzle 

N.W. 

54 

3 

46 

Cloudy  EafltVardly 

53 

4 

5° 

Drizzle 

56 

5 

56 

Clear. 

N.W. 

67 

6 

55 

Clouds. 

S.W. 

75 

7 

72 

D°  Brilk  gale. 

D° 

76 

8 

60 

D° 

N.W. 

67 

9 

62 

D° 

E. 

67 

1 1 

65 

Rained. 

D° 

63 

X 2 

59 

D° 

D° 

63 

*3 

60 

Drizzle 

68 

14 

64 

D°  Thunder. 

E. 

67 

15 

65 

Rained.  D° 

D° 

69 

16 

64 

Clouds.  D° 

D° 

72 

17 

68 

Rain.  D° 

D® 

66 

18 

56 

Clear. 

N.W. 

67 

1 9 

6i 

D° 

S.E. 

73 

20 

65 

Clouds. 

D« 

80 

21 

7* 

D° 

D° 

83 

22 

73 

Clear. 

N.W. 

82 

23 

70 

D°  Brifk  gale. 

D° 

84 

24 

73 

D°  D° 

D° 

85 

25 

71 

Clouds. 

D° 

74 

26 

70 

D° 

E. 

72 

27 

67 

Cloudy 

70 

28 

63 

Drizzle. 

N.  E. 

52 

29 

45 

Clear. 

N.W. 

60 

3° 

52 

Clouds.  Brilk  gale. 

D° 

63 

31 

5« 

Clear.  D® 

D° 

71 

Wind  and  Weather. 


Rained. 

N.W. 

D° 

N.  E. 

Drizzle 

Cloudy. 

S.W. 

Clear.  Brifk  gale. 

N.W. 

D°  D° 

D° 

D°  D° 

D° 

Cloudy. 

D° 

D° 

E. 

Rained. 

N.E. 

Clouds.  Thunder. 

E. 

D°  D° 

D° 

Rained.  D° 

D° 

D°  D° 

D° 

D°  D° 

S.  E. 

D° 

D° 

Fair. 

N.W. 

Clouds. 

S.  E. 

D® 

D° 

D°  Lightening 

D° 

Clear. 

N.W. 

D®  Brifk  gale. 

D° 

at  3 o’clock,  8c°ac  8 o’clock 

th.  light,  rain.  High  N.W 

Thund.  Rain, 

E. 

D°  D°  Lig 

htning 

Rained.  Thunder. 

N.  E. 

D°  D° 

N.W. 

Clear.  Brifk  gale. 

D°  ' 

D°  D° 

D° 

D°  D° 

D° 

JUNE 
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U N E. 


A.M 

Wind  and  Weather. 

P.M. 

5 

5 

I 

63 

Clouds.  Brilk  gale. 

S.E. 

76 

2 

70 

D° 

D° 

70 

3 

60 

Clear. 

S.W. 

71 

4 

67 

Cloudy. 

D° 

70 

5 

65 

Clear. 

N.W. 

70 

6 

65 

Clouds. 

D° 

69 

7 

65 

D°  Brilk  gale. 

D° 

64 

8 

60 

D° 

D° 

63 

9 

60 

D°  Brilk  gale. 

N.E. 

66 

10 

62 

Rained.  High. 

D° 

61 

1 1 

57 

Drizzle 

D° 

70 

I 2 

62 

Clear.  Brilk  gale. 

N.W. 

71 

*3 

63 

D° 

D° 

74 

14 

65 

D° 

D° 

76 

15 

68 

Cloudy. 

E. 

75 

l6 

64 

Rained. 

D° 

75 

1 7 

56 

Fog. 

S. 

69 

18 

63 

Clear. 

S.E. 

75 

1 9 

67 

D° 

S. 

75 

20 

72 

Drizzle 

78 

21 

73 

Cloudy. 

s. 

78 

22 

74 

Cloudy. 

S.E. 

77 

23 

75 

Rained. 

D° 

75 

24 

69 

Clear.  Brilk  gale. 

N.W. 

78 

25 

69 

D° 

S.  E. 

79 

26 

74 

Clouds. 

D° 

80 

27 

76 

D° 

S. 

87 

28 

75 

Drizzle 

E. 

67 

29 

3° 

67 

7« 

| Cloudy. 

D° 

S.E. 

73 

78 

Wind  and  Weather . 


Clouds. 

S.E. 

Rain.  Thunder. 

D°  D° 

Lightn. 

S.E. 

D°  D° 

D° 

S.W. 

Clouds. 

N.W. 

Thund.  lightn.  rain. 

D° 

Clouds. 

Brilk  gale. 

D° 

D° 

S.E. 

D° 

D° 

N.E. 

Rain’d. 

High. 

D° 

Clear.  Brilk  gale. 

N.W. 

D° 

D° 

Rained  a 

little. 

S. 

Clouds. 

N.W. 

D° 

E 

Cloudy 

D° 

Clear. 

S. 

Clouds. 

D° 

D° 

D° 

D° 


Thunder. 


D° 

E. 

S.E. 


The  Via  Laflea  N.  & S. 
about  45°  in  the  higheft 
part  from  the  eallern 
horizon. 

Rained. 

D°  Thunder  and 
Brilk  gale. 

Clear. 

D° 

D° 

Rain,  thund.  lightn,  N.  E. 

Drizzle  E. 

D°  S.  Ec 

Thunder  and  rain 


S.  E. 
lightn. 
S.  E. 
S.W. 
S.  E. 
D° 


K 2 
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JULY. 


A M 

7T/W  and  Weather. 

P.M. 

5 

S 

I 

68 

Clouds. 

S.E. 

77 

2 

72 

D° 

D° 

79 

3 

75 

D° 

D° 

80 

J 

4 

74 

Rained.' 

N.E. 

71 

T 

c 

63 

Clear. 

N.W, 

74 

j 

6 

68 

Rained. 

Calm. 

7Z 

7 

61 

D° 

D° 

76 

8 

71 

Cloudy. 

65 

q 

Clear. 

83 

J 

lO 

74 

Cloudy. 

S.E. 

82 

1 1 

7 6 

Fog 

87 

12 

Clouds 

75 

*3 

70 

D° 

N.  W. 

76 

14 

64 

Cloudy. 

D° 

1 5 

7l 

D° 

S.E. 

84 

16 

1\ 

Clear. 

S.W. 

82 

17 

74 

D° 

N.W. 

82 

18 

77 

Clouds.' 

D° 

78 

72 

Cloudy. 

N.  E. 

74 

V 

20 

7* 

Thunder  and  rain 

78 

21 

i 71 

Clear 

85 

22 

76 

Clouds. 

Eaftvvardly 

85 

23 

75 

Cloudy. 

S.  E. 

84 

24 

82 

Drizzle. 

N.E. 

68 

25 

63 

Fair 

D° 

73 

26 

63 

D° 

Da 

71 

27 

62 

D° 

E. 

73 

28 

68 

D° 

N.W. 

79 

20 

71 

D° 

DQ 

70 

y 

HO 

61 

Clouds.’ 

E. 

80 

J 

31 

74 

Rained. 

N.W. 

73 

Wind  and  Weather. 


Clear.  N.  E. 

Clouds.  S.  E. 

Thunder,  lightn.  rain. 
Clear.  N.W. 

D®  S.W. 

D° 

D°  N.  E. 


Cloudy.  Calm. 

Clear.  S.  E, 

Rain,  thunder,  lightning. 
Fair.  S.W. 

Rain,  thund.  lightn.  N.E. 
Clear.  N.W. 

D°  D° 


Thund.  lightn.  rain.  S.  E. 
D°  D°  D°  high.  N.W. 
Fair.  D°  D° 

Th.  and  rain.  Northwardly 
D°  D°  Lightn.  N.E. 
Clouds 
Clear 


Thund.  light,  rain.  S.  E; 

D°  D°  D°  D° 

Drizzle.  N.  E. 

Fair.  Brifkgale.  D® 
D°  D°  D° 
Cloudy.  D® 

Fair.  N.W, 

D°  S.  E. 

Thund.  lightn.  rain.  E. 
Drizzle.  D® 


AUGUST 
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AUGUST. 


'A.M 

5 

Wind  and  Weather. 

P.M. 

$ 

I 

64 

Fair.  Briik  gale.  N.E. 

72 

2 

67 

Cloudy.  D° 

73 

3 

66 

Rained.  Calm.- 

68 

4 

66 

L>°  N.E. 

66 

5 

63 

Fair.  Calm. 

73 

6 

63 

D° 

77 

7 

62 

D*  S.E. 

79 

8 

72 

Rained 

77 

9 

73 

Fog 

73 

IO 

74 

Rained. 

78 

1 1 

75 

Fair.  S.E. 

83 

12 

75 

Briik  gale.  S.W. 

80 

*3 

74 

Clouds 

78 

*4 

72 

Fair 

83 

*5 

72 

Cloudy 

79 

16 

75 

D° 

81 

17 

76 

Clouds 

83 

18 

76 

D° 

84 

19 

75 

D° 

82 

20 

76 

Heavy  rain 

77 

21 

74 

Fog 

76 

22 

76 

Clear 

87 

23 

79 

D° 

80 

24 

80 

D° 

80 

25 

75 

D° 

88 

26 

79 

D° 

80 

27 

75 

D°  N.N.W. 

85 

z9 

70 

Cloudy 

83 

3° 

75 

D° 

87 

31 

78 

Clear 

Wind  and  Weather. 


Fair; 

D° 

Cloudy. 

Rained. 

Fair. 

D° 

Clouds. 

Cloudy 

Rained 

Cloudy 

Fair. 

Rained. 

Cloudy. 


S.E. 
D° 
D° 
N.E. 
S.  E. 

S.  E. 


Eaftwardly 
High.  N.W. 
, Thunder.  S.  E. 
at  2 o’clock,  75°  at  8 o’clock 

hard  thunder,  lightn.  and 
rain.  High  wind.  N.E. 
Thun,  lightn.  & rain.  N.E. 
Cloudy.  Lightening. 
Thunder.  D° 

r Rain 

Cloudy 

Thund.  lightn.  rain.  E. 
Fair 


Clear. 

D° 

D° 

D° 


S.W. 

Weftwardly 

D° 

E. 


A Ther 
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XI L A 'Thermomelrical  Account  of  the  TFi "ci- 
ther, for  Three  Tears , beginning  September 
J754..  as  obferved  in  Maryland.  By  Mr. 
Richard  Braoke.  Communicated  by  Mr. 
H.  Baker,  F.  R.  S. 


The  high  eft  and  low  eft  State  of  the  Mercury  in  each 
Month  is  here  given,  and  other  Obfervations  are 
occafionally  intermixed. 

[Read  March  8,  1759.] 


Mercury. 

d 

.V 

£ 

O 

Sept. 

SO 

051. 

8c 

4 

Nov. 

6 

2 3 

Dec. 

6 c 

23 

Jan. 

65) 

23 

'Feb. 

64 

H 

Mar. 

79 

r4 

Apr. 

*3 

4° 

I754* 


very  rainy. 


- . j 

beginning:  latter  end  fair. 

Winds  variable.  Snow  and  rain. 

Much  rain. 

1755- 

Much  rain.  Snow  on  the  if t day. 
Much  fnow. 

Much  rain. 

On  the  16  th  it  fnowed  as  hard  as  ever  1 
knew.  Cleared  up  at  two  o’clock 
P.  M.  all  diffolved  before  night.  Not 
one  fhower  of  rain  this  month.  Wind 
eafterly  till  the  14th  j afterwards  molt- 
ly  weft  ward. 


3 


May 
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Mercury. 

<£! 

— 

<p 

May 

bp 

s 

*7 

£ 

0 

47 

yune 

Juh 

Mug- 

Sept. 

051. 

90 

93 

90 

93 

7J 

70 
do 
6 1 

45 
3 6 

Nov. 

29 

Dec. 

7 1 

r5 

Extremely  dry  : feldom  any  clouds : no 
rain.  Every  vegetable  almod  burnt 
up : ftrawberry-leaves,  green  plantain, 
and  others,  fo  crifp  as  to  crumble.  In 
this  month  many  black  cattle  died  for 
want  of  food. 

Seafonable  weather. 

Very  dry. 

Very  dry. 

Very  dry. 

Seafonable  weather  towards  the  end  of 
this  month.  This  was  the  dried:  dim- 
mer and  autumn  ever  remembered. 
Many  fprings  dried  up,  that  ran  brifk 
before.  My  fpring,  a remarkable 
good  one,  ran  very  flow,  and  the 
water  was  unpleafant. 

On  Tuefday  the  1 8th  I felt  three  fhocks 
of  an  earthquake  about  eight  minutes 
before  four  in  the  morning.  The  fird 
was  feverelt : it  ihook  the  houfe  very 
much,  and  waked  me.  The  fecond 
was  lefs,  and  the  third  lead  of  all. 
They  fucceeded  each  other  at  about 
one  minute’s  didance,  and  were  felt 
all  over  the  continent. 

On  the  1 6th  there  was  a brifk  foutherly 
wind  ; the  mercury  about  noon  at  7 1°. 
At  four  P.  M.  y at  690:  at  nve  o’clock 
the  wind  came  about  to  N.  W.  blew 
exceflively  hard,  and  did  great  damage 


[ 72  ] 

in  the  country.  A prodigious  quantity 
of  rain  fell : it  cleared  up  at  fix  o’ 
clock ; but  the  wind  continued  blow- 
ing hard  all  night.  At  eight  o’clock 
the  $ was  at  430,  at  feven  next  morn- 
ing at  26°,  at  nine  at  24°!,  and  the 
morning  following,  viz.  the  18th,  the 
mercury  was  at  1 j°. 


7 an . 

Feb. 

Mar. 

JJpr. 

May 

June 


1756. 


73 

15 

70 

27 

83 

29 

81 

4S 

86 

44 

N ot  obferved,  being  hindered  by  bufmefs . 

Seafonable  weather. 

Seafonable  weather. 

Plenty  of  rain  : the  feaf  >n  much  colder 
than  ufual,  £ {landing  frequently  be- 
tween 6o°  and  70°.  On  the  2 2d  in 
the  morning  a black  cloud  came  from 
the  northward,  foon  overfpread  the 
hemifphere,  and  threatned  much  wind 
and  rain  ; but  foon  blew  over  without 
much  wind  or  rain.  The  fun  (hone 
clear,  and  the  weather  calm,  till  to- 
wards noon,  when  clouds  colledled 
towards  the  north  and  north  - weft. 
About  three  P.  M.  there  was  the 
mod  threatning  appearance  I ever  be- 
held : the  clouds  in  fome  places  of 
a deep  green  ; in  others,  of  a footy 
black.  At  min.  pall  three  it  be- 
gan to  rain  and  blow,  attended  with 
remarkable  fevere  thunder  ; but  as  the 

thunder 
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I 


thunder  flopped  the  clock,  I cannot 
fay  how  long  it  lafled ; but  fuppofe 
near  half  an  hour  j in  which  time  the 
mofl  rain  fell  I ever  faw.  The  wind 
did  incredible  damage  in  feveral  parts 
of  the  country.  In  St.  Mary’s  county, 
it  is  faid,  200  houfes  were  blown 
down,  and  many  people  killed.  In 
every  county  in  Maryland  much  dam- 
age was  done  by  this  gufl,  which  was 
the  mofl  general  ever  remembered. 
It  was  all  over  New  York,  the  Jerfeys, 
Penfylvania,  Maryland,  and  Virginia, 
and  did  much  damage  every  where. 
How  much  farther  it  extended,  either 
northward  or  fouthward,  I have  not 
heard. 

In  thefe  two  lafl  months  an  epi- 
demical fpotted  fever  was  common  in 
the  country  : I have  not  heard  it  was 
mortal  any  where.  Thofe,  who  had 
it  moll  fevere,  W'ere  relieved  with  what 
Mr.  Collinfon  calls  apocinon.  There 
raged  at  the  fame  time  an  epidemical 
difeafe  amongfl  the  dogs,  which  de~ 
flroyed  great  numbers  in  all  the  north- 
ern plantations.  It  came  from  thence 
to  the  eaftern  fhore  in  Maryland,  where 
it  killed  mofl  of  the  dogs.  It  now 
rages  amongfl  our  dogs,  and  fcarce 
any  recover.  They  are  firfl  feized 
with  a fhort  cough,  and  a lloppage  in 
the  nofe,  fo  that  they  are  obliged  to 
breathe  thro’  the  mouth.  In  four, 
L five. 


[ 74  ] 


y«& 


Aug. 


Sspt. 


Mtrtuiy. 


« 

*> 

-C 

to 


93 


93 


92 


69 


68 


60 


five,  or  fix  days  after,  they  have  a large 
difeharge  thro’  the  noftrils  of  a thick 
fetid  matter,  and  a plentiful  ferous  dis- 
charge from  their  eyes.  Now  their 
ftomach  fails,  or  rather  they  are  afraid 
to  eat  j for  every  attempt  makes  them 
cough  violently,  and  feems  to  give 
them  great  pain.  Some  die  within 
two  days  after  this  difeharge  ; Some 
live  a week,  or  longer : thefe  have 
had  food  forced  into  their  ftomachs : 
but  none  ever  recover,  that  I have 
heard  of. 

Seafonable  weather,  and  the  moil  plen- 
tiful appearance  of  corn  and  tobacco  I 
ever  faw.  The  wheat  was  got  in  laft 
month:  it  is  fuppofed  there  will  be 
the  moft  of  any  year  fince  the  Settle- 
ment of  this  country. 

Very  dry.  The  difeafe  amongft  dogs 
continues,  tho’  lefs  violent  : many 
have  their  limbs  Seized  with  a paraly- 
fis : thefe  all  recover. 

The  difeafe  continues  amongft  the  dogs. 
This  month  I faw  a tame  fox  very  ill 
with  this  diforder.  I gave  him  a dofe 
of  a valuable  powder,  with  which  I 
have  done  much  good  ; and  for  the 
knowlege  of  which  I was  obliged  to 
my  worthy  friend  Dr.  Parfons,  when 
I was  laft  in  England.  I have  known 
this  powder  cure  dogs ; which  made 
me  give  it  to  this  fox  : but  he  died  in 

three 
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Mercury. 

d 

d 

A 

tTj 

£ 

P° 

29 

three  minutes  after ; which  I attribute 
to  the  punch  in  which  I gave  it.  This 
is  the  hotted  and  dried  dimmer  ever 
known  in  Maryland.  There  are  great 
crops  of  corn  and  tobacco  made ; but, 
through  the  extreme  drynefs  of  the 
weather,  the  latter  crops  of  neither 
will  come  to  perfection.  Many  fprings 
are  dried  up,  that  were  ever  current 
before.  Putrid  bilious  fevers  are  now 
very  frequent  in  the  country,  and  have 
raged  for  thefe  fix  weeks  pad.  So 
likewife  has  an  hepatic  dyfentery, 
which,  I have  been  informed  (for  it 
has  not  come  within  my  own  prac- 
tice), has  oftentimes  been  fo  malignant, 
as  not  to  yield  to  any  medicines  that 
could  be  thought  of. 

The  weather  feafonable.  The  dyfente- 
ries,  that  have  been  fo  fatal  in  many 
parts  of  the  province,  have  reached 
my  neighbourhood.  The  bilious  fe- 
ver now  is,  and  for  fome  time  pad 
has  been,  very  common  in  this  coun- 
try. As  the  patients  under  my  care 
had  frequent  large  bilious  ftools  (after 
the  ftimulus  on  the  intedines  was 
removed  by  opiates,  and  they  voided 
no  blood),  imagining  the  fever  and 
the  flux  owing  to  the  fame  caufe, 
only  affeCting  different  parts,  I gave 
Dr.  Parfons’s  powders,  which  I always 
ufed  with  fuccefs,  and  my  patients 
L 2 got 


got  well.  The  method  I found  fuc- 
cefsful,  after  trying  many  others,  was 
to  give  opiates,  at  proper  intervals,  till 
the  purging  and  bloody  ftools  ceafed  : 
then  four  or  five  dofes  of  Dr.  Parfons’s 
powders  : afterwards  a few  dofes  of 
aftringents,  which  never  failed  of  cur- 
ing. The  opiate  I ufed  was  pil.  mat - 
thai-,  which  I fuppoled  belt  in  this 
putrid  bilious  complaint,  becaufe  of 
the  foap  in  its  compofition.  It  is  re- 
markable, that  the  frequent  repetition 
of  the  ftrongeft  aftringents  never  de- 
creafed  the  quantity  or  number  of  the 
ftools,  till  Dr.  Parfons’s  powders  were 
given,  1 hefe  valuable  powders,  which 
that  ingenious  and  benevolent  gentle- 
man communicated  to  me,  when  I 
was  at  London,  have  been  of  incre- 
dible fervice  in  the  plantations.  I am 
perfuaded  he  will  readily  inform  any 
practitioner  what  they  are  ; and  that 
nothing  is  wanting  to  bring  them  into 
general  ufe,  in  all  bilious  and  putrid 
fevers,  but  a thorough  knowledge  of 
their  extraordinary  efficacy. 

The  hepatic  flux  fpreads  very  much  in 
my  neighbourhood.  On  the  2 2d  I 
was  called  to  a family,  where  the 
miftreis  and  maid  were  both  down 
with  this  diforder,  and  appeared  to 
have  it  very  much  alike.  They  were 
much  griped,  and  purged  more  than 
5 20 
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20  times  in  24  hours : fometimes 
blood  in  a large  proportion  was  mixed 
with  their  dools ; but  the  mod  trou- 
blefome  fymptom  was  a violent  tenef- 
mus.  The  midrefs  took  two  dofes  of 
Dr.  Parfons’s  powder,  and  the  maid 
as  many  of  Dr.  James’s.  At  night  the 
midrefs  took  an  anodyne  draught,  and 
the  maid  gr.  8 pihilce  matthcci.  The 
next  day  they  took  fome  adringent 
powders,  at  night  their  anodyne,  and 
the  day  following  both  were  well. 
The  fmall-pox  and  fwine-pox  are  now 
about  the  country. 

People  in  general  very  healthy.  The 
fmall-pox  fpreads  but  flowly,  and  is. 
very  favourable. 
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Many  fudden  alterations,  as  to  heat  and 
cold,  have  been  in  tin's  month  : but 
the  mod  remarkable  I have  ever  ob- 
ferved,  was  the  lad  day  of  this  month, 
when  the  2 was  up  at  6f,  and  the 
next  day,  Feb.  1.  when  it  was  down 
at  28°,  about  the  fame  hour  in  the 
dav. 

j ^ 

The  people  of  Maryland  were  af- 
flidted  lad  year  with  fcarce  any  com- 
plaints which  were  not  attended  more 
or  lefs  with  bilious  fymptoms ; and  as 
the  year  advanced,  the  weather  being 
unufually  hot,  fuch  fymptoms  grew 


more 
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more  violent,  and  the  bile  more  pu- 
trefcent.  A bare  date  of  the  many 
odd  cafes  that  came  under  my  care 
would  fill  feveral  fheets  of  paper ; but 
as  my  own  was  very  particular,  I fhall 
only  mention  that.  I was  taken  on  the 
24th  Dec.  lad:  with  a flight  fever  and 
fore  throat,  which  continued  three 
days : then  the  fever  and  fore  throat 
left  me ; but  for  three  nights  after- 
wards I felt  more  uneafinefs  than  I 
ever  before  was  fenfible  of,  tho’  quite 
free  from  pain  or  fever.  I waked,  I 
fuppofe,  at  lead:  an  hundred  times 
each  of  thefe  nights.  If  I tried  to  lie 
on  either  dde,  I always  turned  in- 
fenfibly  on  my  back.  When  adeep, 
my  imagination  was  filled  with  the 
mod  frightful  ideas  that  ever  didurb- 
ed  an  human  mind  j but  I could  re- 
member none  of  them  when  I awoke. 
I condantly  lod  my  breath  when 
adeep  ; and  was  waked  by  an  hideous 
whooping  noife,  like  that  of  a child  in 
a chin-cough.  I prefently  fell  adeep 
again,  and  the  fame  horrid  feene  was 
re-a£ted.  The  feventh  night  from  my 
fird  attack  was  attended  with  a new 
train  of  fymptoms.  About  three  o’ 
clock  in  the  morning  1 was  affiidted 
with  a mod  excruciating  pain  about 
the  fifth  or  fixth  vertebra  of  the  back, 
like  the  boring  of  an  augre.  I was 
forced  to  quit  the  bed,  and,  to  my 

great 
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great  furprize,  was  eafy  almoft  as  foon 
as  I got  on  my  cloaths : but  it  return- 
ed as  foon  as  I attempted  to  lie  down 
again.  This  lafted  17  days,  ever  free 
from  pain  while  up,  and  always  taken 
about  feven  hours  after  lying  down, 
either  by  night  or  day.  Neither  the 
Indian  bath,  blifters,  or  any  thing  I 
could  think  of,  did  relieve  me : but 
getting  up  always  eafed  me.  It  was 
plainly  a fpafm  of  the  mufcle  trapi- 
zeus  j for  if  I rubbed  my  back  ever 
fo  flightly,  the  pain  would  inftantly 
remove  to  the  mufcles  of  the  fternum, 
et  vice  verfa  ; yet  I could  never  feel 
it  in  my  fide.  Whether  it  was  leaving 
me  or  not,  I cannot  fay : but  I feem- 
ed  to  find  great  relief  by  drinking 
punch,  into  which  Goa  ftone  had 
been  plentifully  grated.  It  is  very 
ftrange,  that  during  the  whole  time  I 
had  no  fever,  or  loft  my  appetite,  tho’ 
I grew  very  weak. 

It  rained  almoft  every  day  this  month  : 
and  at  this  time  there  prevailed  a dif- 
order  among  the  Negroes,  which,  I 
believe,  was  peculiar  to  them  j for  I 
never  heard  of  any  white  perfon’s 
having  it.  They  were  taken  with 
pains  in  their  heads,  necks,  fhoulders, 
breafts,  or  bellies  : it  feldom  conti- 
nued long  in  a place,  till  it  got  to  the 
thigh,  where  the  complaint  would 
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form  into  a very  hard  and  fenfible  tu- 
mour, generally  in  the  triceps  mufcle. 
Emollient  plaifters  would  commonly 
remove  the  tumour  in  two  days  time. 
The  morbific  matter  would  give  ex- 
quifite  pain  in  its  defcent  down  the 
thigh,  and  would  colled;  again  into  a 
tumour,  either  in  the  ham,  or  in  the 
calf  of  the  leg.  The  fame  cataplafms 
continued  would  repel  the  tumour,  and 
the  patient  would  get  well  ufually  in 
about  a fortnight.  There  was  an  high 
fever  during  the  time.  I never  knew 
but  one  fuppurate,  tho’  I have  feen 
many  in  this  complaint  : this  hap- 
pened to  a Negro  boy  about  1 5-  years 
old  : here  the  matter  defcended  to  the 
foot,  which  was  very  troublefome  to 
heal. 

A vaft  deal  of  rain  fell  this  month. 

The  wetted:  and  coldeft  April  within 
man’s  memory.  Impetigenous  dif- 
orders  very  common  both  in  Mary- 
land and  Virginia,  and  fome  very  ob- 
ftinate. 

Seafonable  and  healthy. 

An  uncommon  wet  month.  The  hard 
rains  beat  off  the  flour,  or  farina 
fecundans , of  the  wheat ; fo  that  very 
little  of  that  grain  was  made  this 
year. 

Much  rain.  It  is  very  remarkable,  that 
many  people,  this  month  and  the  lafl. 
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in  different  parts  of  the  country,  were 
troubled  with  impofthumations  under 
the  arm,  all  in  the  axilla  dextra.  They 
maturated,  and  healed  up  pretty  eafily.. 
Whether  this  has  any  affinity  to  the 
difpofition  of  the  prefent  and  preceding 
year,  I cannot  fay  : I before  obferved, 
that  almoft  every  patient,  in  whatever 
diforder,  had  more  or  lefs  of  bilious 
fymptoms.  I have  feen  more  inflam- 
mations of  the  neck  of  the  bladder 
this  month  than  all  my  life  before : 
They  were  cured  by  antiphlogiftic 
medicines. 

Much  rain,  and  thick  foggy  weather. 

Very  wet.  Within  thefe  two  months  I 
have  feen  five  perfons,  and  have  heard 
of  many  more,  who  were  taken  with 
a violent  pain  in  the  os  promts,  on  the 
left  fide.  The  pain  foon  fell  into  the 
Eye  on  the  fame  fide,  and  occafioned 
a dimnefs : but  this  and  the  pain  were 
foon  removed  by  an  epifpaftic  behind 
the  ear,  if  applied  early.  I was  called 
to  a Negro  wench,  who  had  had  the 
complaint  fo  long,  that  fhe  was  totally 
blind  of  both  eyes ; which  appeared, 
as  in  the  gutta  ferena,  without  any 
inflammation,  or  vifible  defedt ; but 
extremely  painful.  In  her  likewife 
the  left  eye  was  firfl:  affedted,  and 
much  the  moft  difficult  of  cure. 
Cauflics  behind  the  ears,  and  vitriolic 
M colly- 
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collyriums,  cured  her  : but  three 

cauftics  were  put  behind  the  left  ear, 
before  that  eye  was  well. 

Very  wet.  Many  horfes  died  this  month 
of"  a peftilential  fever.  They  had  the 
fymptoms  Markham  defcribes  in  his 
chapter  of  Peftilential.  Hen-dung 
infufed  in  ftale  urine  (which  Mark- 
ham recommends)  was  found  fer vice- 
able.  Many  people  were  ruined  by  the 
lofs  of  all  their  horfes : but  none  died 
that  had  plenty  of  the  juice  of  rue. 
It  is  remarkable  that  no  horfes  had 
this  diftemper,  but  thofe  on  the  falts 
of  the  different  rivers.  Mr.  Pollard 
Edmunfon,  a gentleman  on  the  eaft- 
ern  fhore  of  Cheftapeak,  told  me,  he 
loft  almoft  every  horfe  by  this  diforder 
at  his  home  plantation  (the  water  there 
is  fait),  and  not  one  in  a foreft  pafture 
about  a mile  off. 

The  difeafe  among  horfes  is  over.  On 
the  10th  day  of  this  month  there  was 
as  fevere  a guft  of  thunder  and  light- 
ning, as  is  common  in  July  or  Auguft. 
Several  horfes,  cattle,  &c.  were  killed 
in  different  parts.  There  were  the 
moll  luminous  corufcations  I ever 
faw ; the  whole  hemifphere  as  it  were 
in  a blaze. 

Very  variable  weather : many  high  winds, 
and  much  rain. 
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Kill.  A Letter  from  Mr.  Benjamin  Wilfon, 
F.  R . S.  to  the  Rev.  Tho.  Birch,  D.  D. 
Secret . R . S. 


Dear  Sir, 

Read  Mar.  22, ' H E inclofed  letter  contains  fome 
1759  JL  electrical  experiments  and  obferva- 
tions,  which  feem  to  merit  the  attention  of  the 
Royal  Society.  I with  therefore  you  would  lay  it 
before  them ; and  at  the  fame  time  fignify,  that  I 
have  feen  all  the  experiments  carefully  made,  and 
that  the  feveral  faCts  therein  contained  are  faithfully 
related.  I am, 

SIR, 


Your  molt  obedient  humble  Servant, 


Queen-flreet,  London, 
22  March,  1 759. 


B.  Wilfon. 


A Letter  from  Edward  Delaval,  M.  A.  and 
Fellow  of  Pembroke-Hall,  Cambridge,  to 
Mr.  Benjamin  Wilfon,  F.  R.  S.  contaviing 
fome  EleBrical  Experiments  and  Obferva - 
tions. 

S I R, 

Read  Mar.  22,  T”  Send  you  a few  eleCtrical  experiments 
*759-  ancj  obfervations ; and  defire  your  opi- 

nion, how  well  they  eftablifii  a convertibility,  I be- 
lieve hitherto  unnoticed  in  many  fubftances,  from 
conductors  into  non-conduCtors  of  the  eleCtric  fluid. 

M2  I have 


[«4] 

I have  filled  feveral  fmall  glafs  tubes  with  the  dry- 
powders  of  calcined  metals,  viz.  cerufs,  lead  afhes, 
minium,  calx  of  antimony,  & c.  Into  each  end  of  every 
tube  I put  a piece  of  iron  wire,  which  communicated 
with  the  calx,  and  fattened  them  with  wax : fo  that 
the  eledtric  fluid,  not  being  able  to  efcape  by  means 
of  the  glafs,  mutt  either  pafs  thro’  the  calx,  or  not 
at  all.  Upon  hanging  one  of  the  wires,  bent  for  the 
purpofe,  to  the  eledtrified  bar,  and  holding  the  other 
in  my  hand,  I obferved  that  no  eledtric  matter  did 
pafs  the  calx,  the  fnaps  ifiuing  all  the  while  from 
the  bar,  or  from  that  wire  which  was  in  contadb 
with  the  bar  *. 

Animal  and  vegetable  folids  alfo,  when  reduced  to 
afhes,  and  interpofed  in  the  fame  manner  between 
two  pieces  of  wire,  do,  I find,  as  effedtually  inter- 
cept the  eledtric  ttream,  as  the  metallic  calces. 

From  thefe  experiments  you  fee,  that  animal,  ve- 
getable, and  metallic  bodies,  tho’  fuch  known  con- 
dudtors  of  the  eledtric  fluid  while  in  their  intire 
ttate,  are  eafily  changed  into  refifters  or  non-con- 
dudtors  of  it. 

I was  led  to  attempt  this  change  from  its  having 
been  obferved,  that  dry  mould  would  not  condudt 
the  eledtric  fluid  : and  from  thence  I lufpedted,  that 
one  clafs  of  the  non-condudtors  mutt  owe  its  property 
to  an  eledtrical  virtue  that  would  be  found  to  refide 
in  the  calx,  or  earth  of  the  chymifts,  after  it  is  di- 
vetted  of  the  undtuous  inflammable  matter,  which 


* Since  I wrote  this  letter,  I have  been  informed,  that  part  of 
this  firft  experiment,  relating  to  metallic  calces,  has  been  made 
before  by  Dr.  Watfon.  See  the  note  Phil.  Tranf.  vol.  xlv.  p.  107. 

confli- 
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conftitutes  another  of  the  chymical  principles  called 
fulphur ; in  like  manner  as  this  iulphur  is  con- 
ftantly  found  highly  electrical  in  all  bodies  where  it 
abounds  in  a folid  form,  viz.  refins,  wax,  &c. 

Thefe  experiments  appear  to  verify  my  fuppoft- 
tion  : for  all  the  above-mentioned  fubftances,  which 
were  thus  changed  into  non-conduCtors,  confift  either 
wholly,  or  in  a great  meafure,  of  earth  freed  from 
the  unCtuous  inflammable  particles  ; the  metals  not 
being  calcineable  without  a degree  of  heat  that  mufl 
difiipate  all  their  fulphur,  as  is  evident  from  their 
not  being  reducible  again  into  their  metallic  form 
without  the  admixture  pf  fome  unCtuous  matter ; and 
the  fame  difiipation  of  their  fulphur  muff  take  place 
in  the  animal  and  vegetable  fubftances,  before  they 
become  white  allies. 

I fhall  not  at  prefent  attempt  an  account,  why 
bodies  confifting  of  either  of  thefe  fubftances  fepa- 
rately  are  eleCtric,  tho’  it  appears  to  me  deducible 
from  fome  doCtrines  of  Sir  Ifaac  Newton ; but 
only  propofe  a thought  concerning  the  reafon  why 
thefe  two  principles,  calx  and  fulphur,  which  are 
known  to  unite  in  the  compofition  of  almoft  all 
bodies,  fliould,  notwithftanding  they  are  eleCtric 
when  feparate  from  each  other,  be  yet  found  non- 
electric when  united  in  one  bodv. 

It  muft  be  remembred,  that  there  is  a remarkable 
and  well-known  oppofition  in  the  eleCtrical  effeCts 
of  thefe  two  clafies ; the  earthy  one  (as  glafs  and 
ftones)  electrifying  plus , and  the  fulphureous  one 
minus.  Does  it  not  feem  then  a thing  to  be  expeCted, 
in  a body  compounded  of  both,  that  the  oppofite 
powers  of  thefe  ingredients  fliould  ccunterballance 

and 
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and  deflroy  the  effects  of  each  other,  and  the  body 
in  which  the  pofitive  and  negative  ones  equally  pre- 
vail, become  neutral,  or  non-eledtric  ? 

I have  not  fcrupled  to  rank  thofe  known  pofitive 
eledtrics,  glafs  and  tranfparent  flones,  under  that  clals 
of  bodies  which  confifts  of  calx  or  earth ; becaufe 
all  vitrifications  mud  proceed  from  previous  calcina- 
tions, and  all  calces  may  be  vitrified  in  the  focus  of 
large  burning- glaffes.  The  tranfparent  ftones  alfo 
confift  of  little  more  than  pure  earth,  free  of  the 
leafb  mixture  of  oil,  if  we  may  judge  of  others  by 
the  chymical  refolution  of  cryftal. 

There  is  another  procefs,  natural  and  without 
fire,  which  is  fuppofed  to  dedroy  the  fulphureous 
fubftance  of  metals,  viz.  when  they  are  corroded, 
and  moulder  in  the  open  air.  Accordingly,  with  the 
fame  apparatus  in  which  I tried  the  calcinations  by 
fire,  I examined  the  common  rufl  of  iron,  and  flake- 
white,  which  is  the  ruft  of  lead,  and  find  them 
equally  converted  into  non-condudtors  in  the  open 
air. 

That  this  change,  in  metals  particularly,  is  not 
owing  to,  or  promoted  by,  the  circumdance  of  mere 
pulverization,  is  evident,  not  only  becaufe  the  above- 
mentioned  calces  are  equally  ftrong  eledtrics  when 
formed  into  hard  maffes  with  a thin  pafte  of  flour 
and  water,  and  afterwards  dried,  but  mod;  clearly 
becaufe  the  fined;  filings  or  powders  of  metals  con- 
dudt  as  readily  as  the  intire  fubftances  do.  I have 
glafs  tubes  armed  as  above,  and  filled  with  the  pre- 
parations called  powder  of  tin,  &c.  which  condudt 
as  well  as  a wire  when  it  is  not  difcontinued. 

But  notwithstanding  this  change  will  not  fucceed 
9 in 
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in  metallic  fubdances  upon  mere  pulverization,  yet 
it  feems  to  follow  in  moft  other  hard  bodies. 

Having  dried  a piece  of  Portland  done,  I found 
it  conducted  perfectly  well ; but  upon  powdering, 
and  fealing  it  up  in  one  of  the  tubes  with  the  wire 
ends,  as  above,  it  became  a perfedt  redder,  or  non- 
conductor, like  the  metallic  calces. 

I have  tried  the  fame  experiment  on  a variety  of 
other  bodies,  particularly  gum  arabic  and  allum  j 
and  have  reafon  to  believe  it  will  fucceed  in  all 
bodies  that  can  be  pulverized  in  the  mortar. 

Thefe  lad  experiments  feem  to  confirm  Sir  Ifaac 
Newtons  dodtrine  of  a medium  furrounding  all  bo- 
dies, which  you  have  applied  to  the  folution  of  eledtric 
phenomena,  and  are  very  analogous  to  the  experi- 
ments you  made  with  a chain , in  order  to  fhew  that 
the  reddance  to  the  paffage  of  the  eledlric  duid  may 
be  increafed  by  increadng  the  number  of  furfaces. 

Another  very  extraordinary  means  of  making  this 
change  in  bodies,  which  abound  in  calx  or  earth, 
is  by  dre  : not  by  the  intenfe  one  that  calcines,  but 
by  a moderate  heat  j their  mod  perfedt  reddance,  or 
non- conducting  property,  being  when  their  heat  is 
jud  tolerable  to  our  hands. 

I have  fome  of  the  dime  Portland  done,  wrought 
into  plates  nearly  as  thin  as  window-glafs,  which  I 
heat  to  a proper  degree,  and  then  coat  on  both  ddes 
with  metal,  in  order  to  make  the  Leyden  experi- 
ment. When  the  done  is  hot  enough  to  dnge  paper, 
it  condudts  as  perfectly  as  when  cold  ; but  on  cooling 
a little,  it  begins  not  to  condudt,  and  affords  fmall 
diocks,  which  gradually  increafe  in  drength  for  about 
ten  minutes  j at  which  time  it  is  about  its  mod  per- 
fedt 


feCt  date,  and  remains  fo  near  a quarter  of  an  hour : 
after  that  time  the  fhocks  gradually  decreafe  as  the 
done  grows  cooler,  till  at  lad  they  quite  ceafe,  and 
it  returns  to  its  conducting  date  again  : but  this  date 
appears  before  the  done  is  quite  cold. 

Experiments  of  this  kind  fucceed  in  all  bodies 
abounding  in  calx  or  earth,  as  dones,  dried  clay, 
wood  when  rotten  or  burnt  in  the  dre  till  the  furface 
becomes  black. 

Among  other  fubdances,  I tried  a common  tobacco- 
pipe,  part  of  which  near  the  middle  I heated  to  a 
proper  degree,  and  then  applied  one  end  of  it  to  the 
electrified  bar,  while  the  other  was  held  in  the  hand ; 
and  I obferved  that  the  eleCtric  duid  pafled  no  farther 
along  the  pipe  than  to  the  heated  part. 

To  thefe  changes  brought  about  with  fudden  vio- 
lence, I mud  add  the  univerfal  change  going  on  in 
all  animal  and  vegetable  folids,  as  they  are  growing 
dry.  Not  only  their  adies  redd  the  padage  of  the 
eleCtric  fluid,  but  they  of  themfelves  arrive  at  this 
date  while  yet  hard  and  intire  5 and  that  much  fooner 
than  one  would  imagine ; for  I have  bones  and  hard 
wood  that  perfectly  redd  the  padage,  tho’  yet  ca- 
pable of  yielding  a bright  flame,  but  fcarce  a vidble 
lmoke  : fo  that  beddes  an  evaporation  of  their 
moidure,  but  a partial  progrefs  can  have  been  made 
in  the  dilcharge  of  their  fulphur. 

I fubmit  to  your  judgment,  how  much  this  con- 
vertibility may  contribute  to  a farther  knowlege  of 
the  laws  of  eleCtricity.  I am.  Sir, 


Old  Palace- Yard, 
March  15,  1759. 


Your  mod  humble  Servant, 

Edward  Delaval. 


XIV.  An 
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XIV.  An  Account  of  the  Cafe  of  William 
Carey,  aged  Nineteen , whofe  Tendons  and 
Mufcles  are  turning  into  Bones.  In  a 
Better  to  the  Right  Honourable  the  Lord 
Cadogan,  F.  R.  S.  from  the  Rev,  William 
Henry,  D.  D.  F.  R.  S. 

Caftle-Caldwel],  near  Ennifkillen, 
My  Lord,  March  I.  1759. 

Read  Mar.  22,  J T A V I N G come  hither  with  the 
l7S9-  Earl  of  Shelburne,  on  a vifit  to  Sir 

James  Caldwell  and  his  Lady,  we  met  with  a 
young  man,  whofe  cafe  is  of  fo  extraordinary  a na- 
ture, that  we  thought  it  might  be  of  public  utility 
to  examine  into  it  ffiridly,  and  tranfmit  it  to  your 
Lordfhip. 

A great  part  of  his  body  is,  within  the  fpace  of 
two  years,  offified  ; and  the  offification  is  continually 
feizing  more  of  the  mufcles. 

I have  in  the  cafe  bareiy  fet  down  the  fads,  with- 
out any  reafoning  thereon.  But,  fo  far  as  I can  con- 
jedure,  there  feems  firft  to  ooze  out  of  the  joints  a 
kind  of  jelly,  which  by  degrees  grows  hard,  fills  up 
gradually  the  fmalier  veffels,  and  concretes  into  bone. 
If  it  goes  on,  I believe  within  a very  few  years -the 
man,  if  he  can  live,  will  be  completely  offified. 
Perhaps  it  may  be  of  fome  benefit  to  mankind  to 
have  his  cafe  made  known  to  the  Royal  Society,  or 
to  the  College  of  Phylicians.  Your  Lordffiip’s  judg- 
ment will  determine  belt  how  proper  this  may  be. 

Vo l.  LI.  N My 
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My  Lord  Shelburne,  and  all  his  family,  join  in 
all  poffible  refpe&s  with 

Your  Lordlhip’s 

Mod:  obedient, 

and  mod:  humble  Servant, 

William  Henry. 

* The  CASE  of  William  Carey. 

HE  was  bom  in  an  idand  in  Lough  Melvill,  a 
large  lake  in  the  northern  point  of  the  county 
of  Leitrim  in  Ireland,  and  has  continued  therein,  or 
in  the  adjacent  lands,  ever  dnce. 

He  was  bred  up  to  work  as  a labourer,  and  con- 
tinued in  very  good  health  from  his  birth  until  two 
years  ago.  About  that  time  he  fird  felt  an  unufual 
pain  in  his  right  wrid,  which  in  Augud  1 7 5 '7  began 
to  fwell : this  obliged  him  to  ceafe  from  his  ufual 
labour.  In  the  fpace  of  a month  more,  this  fwelling 
grew  into  an  hardnefs,  like  to  a bony  fubdance  ; and 
continually  fhooting  on,  in  December  reached  up  as 
far  as  the  elbow ; all  the  mufcles  continually  grow- 
ing into  a bony  fubdance,  and  dilating  fo,  that  his 
wrid  and  arm  are  twice  as  thick  and  broad  as  in  the 
beginning.  About  the  fpace  of  a week  after  the 
pain  began  in  his  right  wrid,  he  was  feized  with  the 
like  pain  and  fwelling  in  the  left  wrid.  This  has 
proceeded  in  all  refpedls  in  the  fame  manner  as  in 
his  right  arm.  The  whole  fubdance  of  each  arm, 
from  the  elbow  down  to  the  wrids,  feels  as  if  it 
were  one  folid  bone. 


The 
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The  offification  is  {hooting  downwards  into  the 
lingers,  and  upwards  into  the  elbows  ; fo  as  already 
to  prevent  the  bending  of  the  lingers  or  elbow  of  the 
left  arm.  It  has  likewife  {hot  upwards,  fo  as  to 
feize  the  great  mufcles  of  each  arm  between  the  el- 
bows and  (houlders. 

The  continual  pain  and  dilatation  of  the  arms  oc- 
calioned  a burfting  of  the  {kin  and  fleffiy  parts  about 
each  elbow  in  November  1758  j out  of  which  oozed 
a thin  yellowilh  humour,  with  a little  digefted  pus. 
Some  of  thefe  breaches  have  healed  up  of  them- 
felves.  One  fmall  orifice  in  each  elbow  {fill  con- 
tinues to  run. 

In  March  17 f8.  he  was  feized  with  the  like  pain 
and  fwelling  in  his  right  ancle,  whence  fuch  another 
bony  fubftance  foon  grew  as  in  his  arms.  This  bony 
fubftance  has  {hot  up  from  his  ancle,  both  in  the  in- 
ward and  outward  fide  of  the  right  leg,  half  way 
up  to  the  knee  ; and  the  like  bony  fubftance  has,  in 
the  inward  fide,  fhot  downward  from  the  pan  of  the 
knee  eight  inches  along  the  fhin-bone,  and  is  daily 
increafing;  fo  that  he  walks  with  much  pain  and 
difficulty,  and  after  refting  in  his  walk,  grows  very 
lame.  This  perfon  is  of  a very  thin  habit  of  body, 
and  in  fize  five  feet  nine  inches ; fomewhat  inclined 
to  an  hedtic,  tho’  he  has  no  cough. 

The  above-mentioned  William  Carey  was  infpedt- 
ed,  and  clofely  examined,  as  to  all  the  above  parti- 
culars, at  Caftle-Caldwell,  in  the  County  of  Ferma- 
nagh, this  ift  Day  of  March  1759,  by  us 


This  is  exactly  my  cafe . 

William  Carey. 


Shelburne. 
Ja.  Caldwell. 
Willm  Henry. 


N 2 
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XV.  A further  Account  of  the  fame  Cafe  * 
in  a Letter  to  the  Right  Honourable  the 
Lord  Cadogan,  F.  R.  S.  from  the  Rev . 
William  Henry,  D.  D . F.  R.  S. 

My  Lord, 

Read  June  14,  T Have  now  landing  by  me  Wil- 
1759  A ^am  Carey,  the  young  man,  of  the 
ofiification  of  whofe  limbs  I had  the  honour  formerly 
to  acquaint  your  Lordfhip : and  now,  in  obedience 
to  your  commands,  give  an  account  of  his  cafe  lince 
that  time. 

I had  him  fent  up  in  March  lad:  to  Mercer’s  Hof- 
pital  in  this  city.  After  examining  his  cafe,  the 
phyficians  and  furgeons  concluded,  that  the  only 
probable  chance  to  prevent  the  progrefs  of  the  oflifi- 
cation,  and  to  remove  the  evil  already  effected,  was 
putting  him  into  a mercurial  courfe.  This  they  tried  ; 
and  after  fome  (lighter  mercurial  medicines,  they,  in 
the  latter  end  of  April,  laid  him  down  in  a faliva- 
tion,  thro’  which  he  pafled  with  fafety. 

This  dried  up  the  running  fores  at  his  elbows,  oc- 
cafioned  by  the  burfting  of  the  (kin,  thro’  the  oflifi- 
cation.  Some  lighter  callus,  which  was  (hooting 
into  bones,  feems  to  be  foftened : in  confcquence  of 
which  he  can  move  his  elbows,  and  the  joints  of  his 
fingers,  with  more  eafe ; and  he  has  a little  more 
clearnefs  and  vivacity  in  his  countenance  : but  none 
of  the  oflified  parts  are  reduced,  nor  is  there  any 
appearance  of  their  reduction ; and  he  dill  continues 
to  wear  an  hedtic  look.  To  reduce  the  oflified  parts, 

they 
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they  have  applied  to  them  mercurial  plaiderS;  the 
efFedl  of  which  time  will  fhew. 

As  he  is  now  difcharged  out  of  the  hofpital,  they 
have  directed  him  to  bathe  continually  in  the  ocean, 
which  happens  to  be  very  convenient  to  his  habita- 
tion ; and  have  directed  him  to  anoint  his  limbs  with 
the  foapy  juice  of  the  quercus  marina , which  lies  in 
plenty  along  the  fhore.  I fhall  attend  to  the  event 
of  this  procefs,  and  fend  your  Lordfhip  a particular 
account  of  it. 

I am,  with  all  regard, 

Your  Lordfhip’s  much  obliged, 

and  mod  obedient  humble  Servant, 

Maf“+hi759-  William  Henry. 


XVI.  An  Account  of  the  Comet  feen  in  May 

1 759.  By  J.  Bevis,  M.B . 

Read  May  3,  "lr  Had  acquainted  fome  of  my  friends, 
1 759*  that  was  my  opinion  a comet  would 

hardly  arife  above  our  horizon  of  London  Sunday 
April  the  2$th;  but  that  probably  we  might  fee  one 
April  30th. 

Sunday  was  very  clear  3 but  I could  not  fee  it. 
Monday,  not  fo  clear  : however,  I law  what  I 
took  for  the  comet  thro’  the  fmoke  of  the  town, 
about  ten,  near  the  horizon. 

Tuefday,  May  1.  faw  it  very  plainly,  at  Mr. 
Short’s,  from  nine  to  eleven.  We  compared  it  by 

means 
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means  of  the  equatorial  inftrument  with  a,  /3,  and  g 
corvi  j whence  its  right  afcenfion,  at  8 h.  45  m. 
mean  time,  comes  out  15-9°  yy ' 9",  and  its  fouth 
declination  250  y2"  14". 

Wednefday,  May  2d,  obferved  it  again  at  Mr. 
Siffon’s  in  the  Strand,  with  a fedlor  of  5 feet  radius, 
• and  compared  it  with  corvi ; whence,  at  9 h .6  m. 
mean  time,  its  right  afcenfion  158°  47'  37",  and  its 
fouth  declination  2a0  i(/  23//.  The  increafing  moon 
had  now  much  weakened  the  light  of  the  comet, 
fo  that  the  tail  and  nucleus  could  not  be  diftinguifhed 
as  laft  night. 

I think  I may  now  venture  to  pronounce  this  to 
be  the  fame  as  the  comet  of  1602  j and  am  about 
making  out  its  future  track.  If  I prefume  rightly, 
it  will  in  a fhort  time  become  in  a manner  ftationary, 
but  diminifh  very  faft  both  in  fize  and  light  j the 
earth  and  it  both  receding  from  each  other  almoft  in 
a right  line.  It  is  at  this  time  about  four  times 
nearer  to  the  earth  than  the  fun  is. 


May  3.  1759* 


J.  Bevis. 


An  Account  of  the  fame  Comet : By  Nicolas 
Munckley,  Bfq\  Communicated  by  Ni- 
colas Munckley,  M.  D . F.  R.  S. 


Read  May  3,  r a H E firft  certain  view  I had  of  any 
*759*  JL  appearance,  which  could  be  the 
expected  comet,  was  on  the  evening  of  the  30th  of 
April,  about  S.  S.  W.  a little  lower  than  the  middle 
®f  Hydra.  But  I did  not  attempt  to  determine  its 

place 
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place  with  any  precifion,  till  a fecond  obfervatiou 
had  made  me  more  fully  fatisfied  of  its  being  the 
phenomenon  I wifhed  it. 

The  following  evening,  May  ift,  its  place  about 
ten  o’  clock  (as  well  as  I was  able  to  fix  it  with  no 
better  affiftance  than  a common  globe,  a quadrant, 
and  Senex’s  planifphere)  was,  right  afcenfion  about 
160  deg.  declination  a little  more  than  2y  deg.  S. 
in  a part  of  the  heavens  not  formed  into  any  con- 
ftellation,  about  9 deg.  below  the  ftar  in  Crater , 
mark’d  in  Bayer’s  catalogue  a,  and  neareft  to  in 
Hydra  j which  laft  ftar  was  about  3 deg.  to  the  eaft 
of  the  comet.  It  is  a luminous  appearance,  very 
evident  to  the  naked  eye  (notwithftanding  the  light 
of  the  moon,  within  two  or  three  days  of  her  qua- 
drature), yet  rather  dim  than  fplendid  ; large,  but 
very  ill  defined.  The  telefcope,  at  the  fame  time  it 
magnifies  it,  feems  to  render  it  more  obfcure.  The 
nucleus  appears  to  me  to  be  rather  furrounded  with 
a circular  hazinefs,  than  to  have  a tail  in  any  parti- 
cular direction,  efpecially  as  feen  thro’  a telefcope. 


Hampflead, 
May  1.  1759. 


Nicolas  Munckley. 


P.  S.  The  2d  of  May  I faw  the  comet  again  very 
diftindfly  with  the  naked  eye ; but  being  then  in 
London,  without  either  globe  or  planifphere,  I 
did  not  pretend  to  fettle  its  place. 

The  cloudinefs  of  the  evenings  prevented  m)r 
feeing  the  comet  any  more  till  the  5th  and  6th  of 
May : and  on  thefe  days  partly  thin  clouds,  and 
partly  the  increafing  light  of  the  moon,  rendered 
it  much  lefs  eafily  difcernible,  both  by  the  naked 

eye 
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eye  and  in  the  telefcope.  As  theYame  caufes  ob- 
fcured  almoft  all  the  Bars  near  it,  I had  great  dif- 
ficulty in  fixing  its  place  on  the  globe.  It  apt- 
pears  however,  now,  evidently,  to  be  moving 
contrary  to  the  order  of  the  figns,  and  more  con- 
fiderably  northwards,  i.  e.  flowly  retrograde,  with 
a decreafing  fouth  latitude. 

Hampftead,  N.  M. 

May  6.  1759. 


XVII.  A Catalogue  of  the  Fifty  Plants  from 
Chelfea  Garden,  prefented  to  the  Royal 
Society  by  the  worfhipful  Company  of  Apo- 
thecaries, for  the  Tear  1757,  purfuant  to 
the  DireSlion  of  Sir  Hans  Sloane,  Baronet , 
Med.  Reg.  & Soc.  Reg.  nuper  Prafes , by 
John  Wilmer,  M.  D.  clarijf.  Societatis 
Phar??iaceut.  Lond.  Socius , Hort.  Chelfean, 
PrcefeElus  PrczleSlor  Botanic. 


Read  May 
*759 


iy  3>?  1801  A Cinos  Syriaca,  folio  ten uiore, 
5 jl  ~\.  capfulis  hirfutis.  Mor.  Hift. 

1802  TEgilops  Lobelii. 

1803  Ambrofia  maritima.  C.  B.  138.  Ambrofia 

quibufdam.  J.  B.  3.  igo. 

1804  Arum  Zeylanicum  humile  latifolium,  pifiillo 

purp.  Miller. 

1 805  Afiragalus  caulefcens  eredtus  pilofus,  floribus 

fpicatis,  leguminibus  fubulatis  pilofis,  Lin. 
Sp.  PI.  7J 6. 


1 8c6 
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1806  Ceraflium,  floribus  pentandris,  petalis  integris, 

Loefl.  Defc.  26. 

1807  Chenopodium  foliis  lanceolatis  carnofis,  co- 

rymbis  dichotamis  fpinofis,  Lin.  Sp.  Plant. 
221. 

1808  Chironia  frutefcens  capfulifera,  Lin.  Sp.  Plant. 

190. 

1 809  Clethra  Linnafi  Alnifolia  Americana  ferrata,  flo- 

ribus pentapetalis  albis,  in  fpicam  difpolitis, 
Pluk.  Aim.  p.  18.  tab.  115.  fig.  1.  Catefby, 
vol.  1.  p.  66.  tab.  66. 

1810  Clinopolium  orientale  origani  folio,  fl.  mini- 

mo,  T.  Cor. 

1 8 1 1 Delphinium  nedtariis  dyphillis,  labellis  integris, 

floribus  fubfolitariis,  foliis  compofitis  line- 
ari-multipartitis,  Hort.  Upfal.  Delphinium 
elatius  fubincanum  perenne,  flor.  amplis 
azureis,  Amman.  132. 

1812  Doria  Americana  lato  rigido  folio,  Boerh.  Ind. 

Alt.  98.  Virga  aurea  ex  Nova  York,  foliis 
fymphiti  majoris  hirfutis,  Schol.  Botan.  Par. 

1813  Gallium  album  linifolium,  Barrel,  obf.  99. 
1814,  Galium  caule  eredto,  foliis  quaternis  lanceo- 
latis trinerviis,  Fl.  Lap.  60.  Gallium  album 
quadrifolium  eredtum,  Celf.  Upfal.  22. 

1815  Galeopfis,  five  Urtica  iners,  fiore  luteo,  J.  B. 

1816  Genifla  ramis  ancipitibus  articulatis,  foliis  ova- 

to-lanceolatis,  Hort.  Cliff.  355. 

1817  Geranium  Batrachoides  Americanum  macula- 

turn,  floribus  obfolete  purpureis,  Hort.  Elt. 
158- 

1818  Geranium  pedunculis  fubunifloris,  foliis  quin- 

quepartitis  acutis,  foliolis  pinnatifidis,  Lin. 
Sp.  PI.  68f. 

Vol.  LI.  O 1819  Gla- 


O 
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1 8 1 9 Gladiolus  foliis  linearibus  fulcatis,  caule  bifloro, 

tubo  longiffimo,  fegmentis  asqualibus,  Mil- 
ler’s Did. 

1820  Glycyrrhiza  filiquofa,  vel  Germanica,  C.  B. 

P-3P- 

1821  Hydrangea,  flor.  Virgin.  50. 

1822  Lamium  foliis  caulem  ambientibus,  C.  B. 

231.  < 

1823  Larix  orientals,  frudtu  rotundiori  obtufo,  T. 

j86.  Cedrus  magna  five  Libani  conifera, 
J.  B.  1.  277. 

1824  Lotus  maritima  lutea  filiquofa,  folio  pingui 

glabro,  Bot.  Monfp. 

1825  Lychnis  faponaria  didta  folio  convoluto,  Gen- 

tiana  concava,  Ger.  ay  3. 

1826  Mandragora  frudlu  rotundo,  C.  B.  169.  Off. 

3°°- 

1827  Mefpilus  fpinofa,  pyri  folio,  H.  Leyd.  Pyra- 

cantha  quibufdam.  J.  B.  1 yi. 

1828  Mefpilus  foliis  lanceolatis  ferratis,  fpinis  ro- 

buflioribus,  floribus  corymbofis,  Miller’s  Ic. 

1829  Mefpilus  foliis  cordato-ovatis,  acuminatis,  mar- 

ginibus  acute  ferratis,  ramis  fpinofis,  Mil- 
ler’s Ic. 

1830  Mitella  fcapo  nudo,  Hort.  Cliff.  167. 

1831  Oenothera  foliis  radicalibus  ovatis,  caulinis  lan- 

ceolatis obtufis,  capfulis  ovatis  fulcatis,  Mil- 
ler’s Icons. 

1832  Onobrychis  major,  filiculis  echinatis,  criflatis, 

in  fpica  digeftis,  Mor.  Hift.  2.  131. 
Onobrychis  foliis  viciae,  frudtu  echinato,  major, 
C.  B.  350. 

1833  Orobus  foliis  conjugatis  fubfeffilibus,  flipulatis, 

dentatis,  Hort.  Upfal,  220. 


Lathy- 
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Lathyroides  ereda,  folio  ovato  acuminato,  cae- 
ruleis  vicise  floribus,  et  filiquis  Siberica,  Am* 
man.  Ruth.  15 1.  T.  7.  F.  2. 

1834  Padus  foliis  oblongo-ovatis  Temper  virentibus 

eglandulofis,  Miller’s  Icons. 

Laurocerafus  Lulitanica  minor  Azarero  Lufita- 
norum,  Tourn.  InA.  R.  H.  61 8. 

1835  Polemonium  foliis  pinnatis  radicibus  repta- 

tricibus,  Flor.  Virgin.  22. 

1836  Pulmonaria  calycibus  abbreviate,  foliis  lanceo- 

latis  obtufiufculis,  Lin.  Sp.  PI.  135. 
Pulmonaria  non  maculofa  foliis  glabris,  Ame- 
ricana flore  patulo  cairuleo,  Pluk.  Phyt. 
Tab.  227.  Fig.  6. 

1837  Salicornia,  T.  Cor.  yi.  Kali  geniculatum,  Gen 

Em.  53 

1838  Senecio  corollis  radiantibus,  foliis  crenatis,  in- 

fimis  cordatis  petiolatis,  fuperioribus  pinna- 
tifidis  lyratis,  Flor.  Virgin. 

1839  Serratula,  C.  B.  P.  235.  Jacea  nemorenfis, 

quae  Serratula  vulgo,  T.  444. 

1840  Serratula  foliis  oblongo-ovatis,  obtufe  dentatis, 

caule  ramofo  patulo,  calycibus  fubrotundis 
mollibus,  Miller’s  Did:. 

1841  Spartium  ramis  oppolitis  angulatis,  foliis  op- 

pofitis  fubulatis,  Lin.  Sp.  PI.  708. 

1842  Spiraea  Africana  odorata,  foliis  pilofis,  Com. 

rar.  3. 

1843  Stramonium  Americanum  maximum,  flore  al- 

bo,  frudu  rotundo  fpinofo,  Tourn. 

1844  Tilia  foliis  molliter  hirfutis,  viminibus  rubris, 

frudu  tetragono,  Ray,  Synop.  2.  316. 

Tilia  hirfuta  coryli  foliorum  aemula,  frudu 
angulofoj  Pluk.  Mant.  181. 

O 2 1845  Tril- 
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1845  Trillium  flore  pedunculato  cernuo,  Lin.  Sp. 

PI-  339- 

1846  Valeriana  montana  fubrotundo  folio,  C.  B.  P. 

1 6f. 

1847  Vicia  pedunculis  multifloris,  petiolis  polyphil- 

lis,  foliolis  lanceolatis  glabris,  Hort.  Upfal, 
2 19. 

1848  Vicia  fylvatica  multiflora  maxima  perennis, 

tetro  odore,  floribus  albentibus,  lineis  casru- 
leis  ftriatis,  Pluk.  Aim.  387. 

1849  Vinca  foliis  oblongo-ovatis  integerrimis,  tubo 

floris  longiffimo,  caule  ramofo  fruticofo. 
Miller’s  Iconf. 

i8yo  Xanthium,  five  Lappa  minor,  J.  B.  3.  572. 
Lappa  minor,  five  Xanthium  Diofcorid.  C. 
B.  P.  19S. 


XVIII.  An  experimental  Enquiry  concerning 
the  natural  Powers  of  Water  and  Wind  to 
turn  Mills , and  other  Machines , depending 
on  a circular  Motion . By  Mr . J.  Smeaton, 
F,  R.  S. 


Read  May  3, 
& 10,  1759. 


WHAT  I have  to  communicate  on 
this  fubjedt  was  originally  deduced 
from  experiments  made  on  working  models,  which 
I look  upon  as  the  befl  means  of  obtaining  the  out- 
lines in  mechanical  enquiries.  But  in  this  cafe  it 
is  very  neceffary  to  diflinguifh  the  circumflances  in 
which  a model  differs  from  a machine  in  large; 
otherwife  a model  is  more  apt  to  lead  us  from  the 

truth 
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truth  than  towards  it.  Hence  the  common  obferva- 
tion,  that  a thing  may  do  very  weli  in  a model,  that 
will  not  anfwer  in  large.  And  indeed,  tho’  the  ut- 
moft  circumfpe&ion  be  ufed  in  this  way,  the  belt 
ftrudture  of  machines  cannot  be  fully  ascertained, 
but  by  making  trials  with  them,  when  made  of  their 
proper  fize.  It  is  for  this  reafon,  that,  tho’  the  mo- 
dels referred  to,  and  the  greatefi:  part  of  the  follow- 
ing experiments,  were  made  in  the  years  175*2  and 
17 f3,  yet  I deferred  offering  them  to  the  Society, 
till  I had  an  opportunity  of  putting  the  deductions 
made  therefrom  in  real  practice,  in  a variety  of  cafes, 
and  for  various  purpofes  j fo  as  to  be  able  to  allure 
the  Society,  that  I have  found  them  to  anfwer. 

PART  I. 

Concerning  Undershot  Water-Wheels. 

Plate  IV.  Fig.  1.  is  a perfpe&ive  view  of  the  ma- 
chine for  experiments  on  water-wheels ; wherein 
ABCD  is  the  lower  ciftern,  or  magazine,  for  re- 
ceiving the  water,  after  it  has  quitted  the  wheel  $ 
and  for  fupplying 

D E the  upper  ciftern,  or  head ; wherein  the  water 
being  raifed  to  any  height  required,  by  a pump, 
that  Height  is  (hewn  by 

F G,  a fmall  rod,  divided  into  inches  and  parts  ; 
with  a float  at  the  bottom,  to  move  the  rod  up 
and  down,  as  the  furface  of  the  water  riles  and 
falls. 

HI  is  a rod  by  which  the  fluice  is  drawn,  and  ftopt 
at  any  height  required,  by  means  of 
K a pin  or  peg,  which  fits  feveral  holes,  placed 

hi 
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in  the  manner  of  a diagonal  fcale,  upon  the  face 
of  the  rod  H I. 

G L is  the  upper  part  of  the  rod  of  the  pump,  for 
drawing  the  water  out  of  the  lower  ciftern,  in 
order  to  raife  and  keep  up  the  furface  thereof 
at  its  defired  height,  in  the  head  D E ; thereby 
to  fupply  the  water,  expended  by  the  aperture 
of  the  11  u ice. 

M M is  the  arch  and  handle  for  working  the  pump, 
which  is  limited  in  its  ftroke  by 

N a piece  for  hopping  the  handle  from  railing  the 
pifton  too  high  ; that  alfo  being  prevented  from 
going  too  low,  by  meeting  the  bottom  of  the 
barrel. 

O is  the  cylinder,  upon  which  a cord  winds,  and 
which  being  conducted  over  the  pullies  P and 
raife  s 

R,  the  fcale,  into  which  the  weights  are  put,  for 
trying  the  power  of  the  water. 

S T the  two  flandards,  which  fupport  the  wheel, 
are  made  to  Hide  up  and  down,  m order  to  ad- 
juft  the  wheel,  as  near  as  poflible,  to  the  floor 
of  the  conduit. 

W the  beam  which  fupports  the  fcale  and  pul- 
lies ; this  is  reprefented  as  but  little  higher  than 
the  machine,  for  the  fake  of  bringing  the  figure 
into  a moderate  compafs,  but  in  reality  is  placed 
iy  or  1 6 feet  higher  than  the  wheel. 

Plate  V.  Fig.  a.  is  a fedtion  of  the  fame  machine, 
wherein  the  fame  parts  are  marked  with  the  fame 
letters  as  in  Fig.  i.  Belides  which 

X X is  the  pump  barrel,  being  5 inches  diameter, 
and  1 1 inches  long. 

Y is 
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Y is  the  pifton  ; and 
Z the  fixed  valve. 

G V is  a cylinder  of  wood,  fixed  upon  the  pump- 
rod,  and  reaches  above  the  furface  of  the  wa- 
ter ; this  piece  of  wood  being  of  fuch  a thick- 
' nefs,  that  its  fedtion  is  half  the  area  of  that  of  the 
pump-barrel,  will  caufe  the  furface  of  water  to 
rife  in  the  head,  as  much  while  the  pifton  is 
defcending,  as  while  it  is  riling : and  will  there- 
by keep  the  gauge-rod  F G more  equally  to  its 
height.  Note,  the  arch  and  handle  M M is  here 
reprefented  on  a different  fide  to  what  it  is  fhewn 
in  the  preceding  figures,  in  order  that  its  dimen- 
lions  may  the  better  appear. 
a a Ihews  one  of  the  two  wires  which  ferve  as  di- 
rectors to  the  float,  in  order  that  the  gauge  rod 
F G may  be  kept  perpendicular  ; for  the  fame 
purpofe  alfo  ferves  w,  a piece  of  wood  with  a 
hole  to  receive  the  gauge-rod,  and  keep  it  up- 
right. 

b is  the  aperture  of  the  fluice. 
c c a kant-board,  for  throwing  the  water  more  di- 
rectly down  the  opening  c d,  into  the  lower 
cittern : and 

c e is  a Hoping  board,  for  bringing  back  the  water 
that  is  thrown  up  by  the  floats  of  the  wheel. 

Fig.  3.  reprefents  one  end  of  the  main  axis,  with  a 
feftion  of  the  moveable  cylinder,  marked  O in  the 
preceding  figures. 

A B C D is  the  end  of  the  axis ; whereof  the  parts 

B and  D are  covered  with  ferrules  or  hoops  of  brafs. 
E is  a cylinder  of  metal ; whereof  the  part  marked 

F is 
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F is  the  pivot  or  gudgeon. 

c c is  the  fedtion  of  an  hollow  cylinder  of  wood, 
the  diameter  of  the  interior  part  being  fome- 
what  larger  than  the  cylindrical  ferrule  B. 
a a is  the  fedtion  of  a ferrule  of  brafs,  driven  into 
the  end  of  the  hollow  cylinder,  and  which  is 
adj lifted  to  that  marked  B,  fo  as  to  Aide  freely 
thereupon,  but  with  as  little  Shake  as  poftible. 
bby  dd,  gg,  reprefent  the  fedlion  of  a brafs  ferrule, 
plate,  and  focket,  fixed  upon  the  other  end  of 
the  hollow  cylinder  j the  focket  dd  being  ad- 
justed to  Aide  freely  upon  the  cylinder  E,  in  the 
fame  manner  as  the  ferrule  a a Aides  upon  the 
cylinder  B : the  outer  end  of  the  focket  at 
gg  is  formed  into  a fort  of  button;  by  pufhing 
whereof,  the  hollow  cylinder  will  move  back- 
wards and  forwards,  or  turn  round  at  pleafure 
upon  the  cylindrical  parts  of  the  axis  B and  E. 
e e,  i i,  o o , reprefent  the  fedtion  of  a brafs  ferrule,  al- 
fo  Axed  upon  the  hollow  cylinder  : the  edge  of 
this  ferrule 

ee  is  cut  into  teeth,  in  the  manner  of  a contrate 
wheel ; and  the  edge  thereof 
o o is  cut  in  the  manner  of  a ratchett. 

Of  confequence,  when  the  plate  b d db  is 
pufhed  clofe  to  the  ferrule  D,  the  teeth  of  the 
ferrule  e e will  lay  hold  of 
G,  a pin  Axed  into  the  axis;  by  which  means  the 
hollow  cylinder  is  made  to  turn  along  with  the 
wheel  and  axis : but  being  drawn  back  by  the 
button  gg,  the  hollow  cylinder  is  thereby  dis- 
engaged from  the  pin  G,  and  ceafes  turning. 
Note.  The  weight  in  the  l'cale  is  prevented 

from 
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from  running  back,  by  a catch  that  plays  iq 
and  lays  hold  of  the  ratchet  o o. 

By  this  means  the  hollow  cylinder  upon  which 
the  cord  winds,  and  raifes  the  weight,  is  put  in 
adlion  and  difcharged  therefrom  inftantaneoully, 
while  the  wheel  is  in  motion : for  without  fome 
contrivance  of  this  kind,  it  would  not  be  eafy 
to  make  this  fort  of  experiments  with  any  to- 
lerable degree  of  exadtnefs. 

The  ufe  of  the  apparatus  now  defcribed  will  be 
rendered  more  intelligible,  by  giving  a general  idea 
of  what  I had  in  view  j but  as  I lhall  be  obliged  to 
make  ufe  of  a term  which  has  heretofore  been  the 
caufe  of  deputation,  I think  it  neceffary  to  affign  the 
lenfe  in  which  I would  be  uuderftood  to  ufe  it  3 and 
in  which  I apprehend  it  is  ufed  by  practical  Mecba- 
nicks. 

The  word  Power,  as  ufed  in  pra&ical  mechanicks, 
I apprehend  to  lignify  the  exertion  of  ftrength,  gra- 
vitation, impulfe,  or  preffure,  fo  as  to  produce  mo- 
tion : and  by  means  of  ffrength,  gravitation,  im- 
pulfe, or  preffure,  compounded  with  motion,  to  be 
capable  of  producing  an  effedt : and  that  no  effect  is' 
properly  mechanical,  but  what  requires  fuch  a kind 
of  power  to  produce  it. 

The  railing  of  a weight,  relative  to  the  height  to 
which  it  can  be  raifed  in  a given  time,  is  the  moff 
proper  meafure  of  power  j or,  in  other  words,  if  the 
weight  raifed  is  multiplied  by  the  height  to  which 
it  can  be  raifed  in  a given  time,  the  produdt  is  the 
meafure  of  the  power  raifing  it 5 and  conlequently, 
all  thofe  powers  are  equal,  whofe  products,  made  by 
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fach  multiplication,  are  equal : for  if  a power  can 
raife  twice  the  weight  to  the  fame  height ; or  the 
fame  weight  to  twice  the  height,  in  the  fame  time 
that  another  power  can,  the  firft  power  is  double  the 
fecond  : and  if  a power  can  raife  half  the  weight  to 
double  the  height ; or  double  the  weight  to  half  the 
height,  in  the  fame  time  that  another  can,  thofe  two 
powers  are  equal.  But  note,  all  this  is  to  be  under- 
flood  in  cafe  of  flow  or  equable  motion  of  the  body 
raifed ; for  in  quick,  accelerated,  or  retarded  mo- 
tions, the  vis  inertia  of  the  matter  moved  will  make 
a variation. 

In  comparing  the  effects  produced  by  water- 
wheels, with  the  powers  producing  them  ; or,  in 
other  words,  to  know  what  part  of  the  original 
power  is  neceffarily  loft  in  the  application,  we  mu  ft 
previoufly  know  how  much  of  the  power  is  fpent 
in  overcoming  the  friction  of  the  machinery,  and 
the  refinance  of  the  air ; alfo  what  is  the  real  velo- 
city of  the  water  at  the  inflant  that  it  flrikes  the 
wheel ; and  the  real  quantity  of  water  expended  in 
a given  time. 

From  the  velocity  of  the  water,  at  the  inflant  that 
it  flrikes  the  wheel,  given ; the  height  of  head  pro- 
ductive of  fuch  velocity  can  be  deduced,  from  ac- 
knowleged  and  experimented  principles  of  hydrofla- 
tics : fo  that  by  multiplying  the  quantity,  or  weight 
of  water,  really  expended  in  a given  time,  by  the 
height  of  head  fo  obtained $ which  mufl  be  confi- 
dered  as  the  height  from  which  that  weight  of  wa- 
ter had  defcended  in  that  given  time  j we  fhall  have 
a produdl,  equal  to  the  original  power  of  the  water ; 
and  clear  of  all  uncertainty,  that  would  arife  from 
the  friction  of  the  water,  in  palling  fmall  apertures  y 
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and  from  all  doubts,  arifmg  from  the  different  mea- 
fure  of  fpouting  waters,  afiigned  by  different  authors. 
On  the  other  hand,  the  fum  of  the  weights  raifed 
by  the  action  of  this  water,  and  of  the  weight  re- 
quired to  overcome  the  friction  and  refinance  of  the 
machine,  multiplied  by  the  height  to  which  the 
weight  can  be  raifed  in  the  time  given,  the  product 
will  be  equal  to  the  effedl  of  that  power  j and  the 
proportion  of  the  two  products  will  be  the  propor- 
tion of  the  power  to  the  ejf'cfl  : fo  that  by  loading 
the  wheel  with  different  weights  fucceffively,  we 
fhall  be  able  to  determine  at  what  particular  load, 
and  velocity  of  the  wheel,  the  effedt  is  a maximum. 
The  manner  of  finding  the  real  velocity  of  the 
water,  at  the  inftant  of  its  ftriking  the  wheel ; the 
manner  of  finding  the  value  of  the  fridtion,  refift- 
ance,  &c.  in  any  given  cafe  j and  the  manner  of 
finding  the  real  expence  of  water,  fo  far  as  con- 
cerns the  following  experiments,  without  having  re- 
courfe  to  theory  ; being  matters  upon  which  the  fol- 
lowing determinations  depend,  it  will  be  necefiary 
to  explain  them. 

To  determine  the  Velocity  of  the  Water  fr iking  the 

Wheel,  l 

It  has  already  been  mentioned,  in  the  references 
to  the  figures,  that  weights  are  raifed  by  a cord 
winding  round  a cylindrical  part  of  the  axis.  Firff, 
then,  let  the  wheel  be  put  in  motion  by  the  water, 
but  without  any  weights  in  the  fcale ; and  let  the 
number  of  turns  in  a minute  be  do:  now  it  is  evi- 
dent, that  was  the  wheel  free  from  fridtion  and  refin- 
ance, that  60  times  the  circumference  of  the  wheel 

P 2 would 
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would  be  the  fpace  through  which  the  water  would 
have  moved  in  a minute  ; with  that  velocity  where- 
with it  ftruck  the  wheel : but  the  wheel  being  in- 
cumbred  by  fridtion  and  reliftance,  and  yet  moving 
60  turns  in  a minute,  it  is  plain,  that  the  velocity 
of  the  water  muft  have  been  greater  than  60  cir- 
cumferences before  it  met  with  the  wheel.  Let 
now  the  cord  be  wound  rdwft  the  cylinder,  but 
contrary  to  the  ufual  way,  and  put  a weight  in 
the  fcale  ; the  weight  Co  difpofed  (which  may  be 
called  the  counter-weight)  will  endeavour  to  aflift  the 
wheel  in  turning  the  fame  away,  as  it  would  have 
been  turned  by  the  water  : put  therefore  as  much 
weight  into  the  fcale  as,  without  any  water,  will 
caufe  it  to  turn  fomcwhat  fafter  than  at  the  rate  of 
60  turns  in  a minute ; fuppofe  63  : let  it  now  be 
tried  again  by  the  water,  aflifted  by  the  weight ; the 
wheel  therefore  will  now  make  more  than  60  turns; 
fuppofe  64 : hence  we  conclude  the  water  hill  ex- 
erts fome  power  in  giving  motion  to  the  wheel.  Let 
the  weight  be  again  increafed,  fo  as  to  make  64-1. 
turns  in  a minute  without  water : let  it  once  more 
be  tried  with  water  as  before  ; and  fuppofe  it  now 
to  make  the  fame  number  of  turns  with  water  as 
without,  viz.  64t  = hence  it  is  evident,  that  in  this 
cafe  the  wheel  makes  the  fame  number  of  turns  in 
a minute,  as  it  would  do  if  the  wheel  had  no  fric- 
tion or  reliftance  at  all ; becaufe  the  weight  is  equi- 
valent thereto ; for  was  it  too  little,  the  water  would 
accelerate  the  wheel  beyond  the  weight ; and  if  too 
great,  retard  it  j fo  that  the  water  now  becomes  a 
regulator  of  the  wheel’s  motion ; and  the  velocity 
of  its  circumference  becomes  a meafure  of  the  velo- 
city of  the  water. 


In 
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In  like  manner,  in  feeking  the  greateft  produdt, 
or  maximum  of  effedt ; having  found  by  trials  what 
weight  gives  the  greateft  produdt,  by  limply  multi- 
plying the  weight  in  the  fcale  by  the  number  of  turns 
of  the  wheel,  find  what  weight  in  the  fcale,  when 
the  cord  is  on  the  contrary  fide  of  the  cylinder,  will 
caufe  the  wheel  to  make  the  fame  number  of  turns 
the  fame  way,  without  water ; it  is  evident  that  this 
weight  will  be  nearly  equal  to  all  fridtion  and  relift- 
ance  taken  together ; and  confequently,  that  the 
weight  in  the  fcale,  with  twice  * the  weight  of  the 
fcale,  added  to  the  back  or  counter-weight,  will  be 
equal  to  the  weight  that  could  have  been  raifed,  fup- 
pofmg  the  machine  had  been  without  fridtion  or  re- 
fiftance ; and  which  multiplied  by  the  height  to 
which  it  was  raifed,  the  produdt  will  be  the  greateft 
effedt  of  that  power. 

The  quantity  of  water  expended  is  found  thus : 

The  pump  made  ufe  of  for  replenishing  the  head 
with  water  was  fo  carefully  made,  that  no  water 
efcaping  back  by  the  leathers,  it  delivered  the  fame 
quantity  of  water  at  every  Stroke,  whether  worked 
quick  or  flow ; and  as  the  length  of  the  Stroke  was 
limited,  confequently  the  value  of  one  Stroke  (or  on 
account  of  more  exadtnefs  12  Strokes)  was  known,  by 
the  height  to  which  the  water  was  thereby  raifed  in 
the  head  j which  being  of  a regular  figure  was  eafily 
meafured.  The  Sluice,  by  which  the  water  was  drawn 
upon  the  wheel,  was  made  to  Stop  at  certain  heights 
by  a peg ; fo  that  when  the  peg  was  in  the  fame  hole. 


* The  weight  of  the  fcale  makes  part  of  the  weight  both  ways. 

the 
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the  aperture  for  the  effluent  water  was  the  fame* 
Hence  the  quantity  of  water  expended  by  any  given 
head,  and  opening  of  the  fluice,  may  be  obtained  : for 
by  obferving  how  many  flrokes  a minute  was  fuffi- 
cient  to  keep  up  the  furface  of  the  water  at  the  given 
height,  and  multiplying  the  number  of  flrokes  by  the 
value  of  each,  the  water  expended  by  any  given 
aperture  and  head  in  a given  time  will  be  given. 

Thefe  things  will  be  further  illuflrated  by  going 
over  the  calculus  of  one  fett  of  experiments. 


Specimen  of  a Sett  of  Experiments. 

The  fluice  drawn  to  the  i ft  hole. 

The  water  above  the  floor  of  the  fluice  30  Inches. 
Strokes  of  the  pump  in  a minute  — 39^- 

The  head  raifed  by  1 2 flrokes  • 2 1 Inches. 

The  wheel  raifed  the  empty  fcale,  and  made  turns 

in  a minute  ___  80 

With  a counter- weight  of  1 lb.  8 oz.  it  made  85 
D°  tried  with  water  — 86 


N°  Weight. 

lb.  oz. 

1 — • 40 

2 — 5 0 

3 - — 60 

4—70 

5 — 80 

6 ■ — 9 o 

7 — 10  o 

8 — no 

9 — 12  * 


Turns  in  a min. 

— 45  — 

— 42  — 

— 36±  — 

— 33*  — 

— 30  — 

— z6j-  — 

— 22  — 

— ■ i6|  — 

ceafed  working. 


Produtt. 

1 80 

2 10 
2iy\ 

236j 

240  maximum. 

238? 

220 
18  if 


* N.  B.  When  the  wheel  moves  fo  flow  as  not  to  rid  the  wa- 
ter fo  fad  as  fupplied  by  the  fluice,  the  accumulated  water  falls 
back  upon  the  aperture,  and  the  wheel  immediately  ceafes  moving. 

Counter 
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Counter- weight,  for  30  turns  without  water,  1 oz.  in 

the  fcale. 

N.  B.  The  area  of  the  head  was  105,8  fquare  inches. 

Weight  of  the  empty  fcale  and  pulley,  10  oz. 

Circumference  of  the  cylinder,  9 inches. 

Circumference  of  the  water-wheel,  75  ditto. 

Reduction  of  the  above  Sett  of  Experiments . 

The  circumference  of  the  wheel,  77  inches,  mul- 
tiplied by  86  turns,  gives  6470  inches  for  the  velo- 
city of  the  water  in  a minute  5 do  of  which  will  be 
the  velocity  in  a fecond,  equal  to  107,7  inches,  or 
8,96  -feet,  which  is  due  to  a head  of  1 7 inches  * ; 
and  this  we  call  the  virtual  or  effective  head. 

The  area  of  the  head  being  105,8  inches,  this 
multiplied  by  the  weight  of  water  of  the  inch  cubic, 
equal  to  the  decimal  ,779  of  the  ounce  avoirdupoife, 
gives  6 1,  a 6 ounces  for  the  weight  of  as  much  water, 
as  is  contained  in  the  head,  upon  1 inch  in  depth, 
7V  of  which  is  3,83  pounds  5 this  multiplied  by  the 
depth  2 i inches,  gives  80,43  lb.  for  the  value  of  12 
flrokes  ; and  by  proportion,  394  (the  number  made 
in  a minute)  will  give  '264,7  lb.  the  weight  of  wa- 
ter expended  in  a minute. 

Now  as  264,7  lb.  of  water  may  be  conlidered  as 
having  defcended  through  a fpace  of  1 5 inches  in  a 
minute,  the  product  of  thefe  two  numbers  3970  will 
exprefs  the  power  of  the  water  to  produce  mechanical 
effects  j which  were  as  follows. 

* This  is  determined  upon  the  common  maxim  of  hydroftatics, 
that  the  velocity  of  fpouting  waters  is  equal  to  the  velocity  that 
an  heavy  body  would  acquire  in  falling  from  the  height  of  the 
refervoir;  and  is  proved  by  the  rifing  of  jets  to  the  height  of  their 
refervoirs  nearly. 

The 
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The  velocity  of  the  wheel  at  the  maximum , as  ap- 
pears above,  was  30  turns  a minute  j which  mul- 
tiplied by  9 inches,  the  circumference  of  the  cylin- 
der, makes  270  inches ; but  as  the  fcale  was  hung 
by  a pulley  and  double  line,  the  weight  was  only 
raifed  half  of  this,  viz.  135  inches. 

The  weight  in  the  fcale  at  the  maximum  8 lb.  o oz. 

Weight  of  the  fcale  and  pulley  o 10 

Counterweight,  fcale,  and  pulley  o 12 

Sum  of  the  refinance  9 6 

or  lb.  9,37 y. 

Now  as  9,375  lb.  is  raifed  135  inches,  thefe  two 
numbers  being  multiplied  together,  the  product  is 
126 6,  which  exprefles  the  effetft  produced  at  a ma- 
ximum : fo  that  the  proportion  of  the  power  to  the 
effeSl  is  as  3970  : 1266,  or  as  10  : 3,18.  # 

But  tho*  this  is  the  greatefl  fmgle  effedt  producible 
from  the  power  mentioned,  by  the  impulfe  of  the 
water  upon  an  underfhot  wheel ; yet,  as  the  whole 
power  of  the  water  is  not  exhaufted  thereby,  this 
will  not  be  the  true  ratio  between  the  power  of  the 
water,  and  the  J'um  of  all  the  effefls  producible 
therefrom  : for  as  the  water  muft  neceflarily  leave  the 
wheel  with  a velocity  equal  to  the  wheel’s  circum- 
ference, it  is  plain  that  fome  part  of  the  power  of 
the  water  muft  remain  after  quitting  the  wheel. 

The  velocity  of  the  wheel  at  the  maximum  is  30 
turns  a minute  ; and  confequently  its  circumference 
moves  at  the  rate  of  3,123  feet  a fecond,  which  an- 
fwers  to  a head  1,82  inches  j this  being  multiplied 
by  the  expence  of  water  in  a minute,  viz.  264,7  lb. 
produces  48 1 for  the  power  remaining  in  the  water 
after  it  has  paffed  the  wheel : this  being  therefore 

deducted 
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dedudled  from  the  original  power  3970,  leaves  3480, 
which  is  that  part  of  the  power  which  is  fpent  in 
producing  the  effedt  1266}  and  confequently  the 
part  of  the  power  fpent  in  producing  the  effedt,  is  to 
the  greateft  effedt  producible  thereby  as  3489  : 1266 
: : 10  : 3, 62, or  as  1 1 to  4. 

The  velocity  of  the  water  striking  the  wheel  has 
been  determined  to  be  equal  to  86  circumferences  of 
the  wheel  per  minute,  and  the  velocity  of  the  wheel 
at  the  maximum  to  be  30  ; the  velocity  of  the  water 
will  therefore  be  to  that  of  the  wheel  as  86  to  30,  or 
as  10  to  3,5,  or  as  20  to  7. 

The  load  at  the  maximum  has  been  diown  to  be 
equal  to  9 lb.  6 oz.  and  that  the  wheel  ceafed  move- 
ing  with  1 2 lb.  in  the  fcale  : to  which  if  the  weight 
of  the  fcale  is  added,  viz.  10  ounces  *,  the  propor- 
tion will  be  nearly  as  3 to  4 between  the  load  at  the 
maximum  and  that  by  which  the  wheel  is  flopped. 

It  is  fomewhat  remarkable,  that  tho’  the  velocity 
of  the  wheel  in  relation  to  the  water  turns  out  greater 
than  -j  of  the  velocity  of  the  the  water,  yet  the  im- 
pulfe  of  the  water  in  the  cafe  of  a maximum  is  more 
than  double  of  what  is  affigned  by  theory  ; that  is, 
inflead  of  | of  the  column,  it  is  nearly  equal  to  the 
whole  column. 

It  muft  be  remembred,  therefore,  that,  in  the  pre- 
fent  cafe,  the  wheel  was  not  placed  in  an  open  river, 
where  the  natural  current,  after  it  has  communicated 
its  impulfe  to  the  float,  has  room  on  all  fides  to  ef- 
cape,  as  the  theory  fuppofes ; but  in  a conduit  or 

* The  refiftance  of  the  air  in  this  cafe  ceafes,  and  the  fridfion 
is  not  added,  as  I2lb.  in  the  fcale  was  fufficient  to  ftop  the  wheel 
after  it  had  been  in  full  motion  ; and  therefore  fomewhat  more 
than  a counterbalance  to  the  impulfe  of  the  water. 

Vol.  u.  Q_ 
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race,  to  which  the  float  being  adapted,  the  water 
cannot  otherwife  efcape  than  by  moving  along  with 
the  wheel.  It  is  obfervable,  that  a wheel  working 
in  this  manner,  as  foon  as  the  water  meets  the  float, 
receiving  a fudden  check,  it  rifes  up  againfl:  the  float, 
like  a wave  againfl:  a fixed  objecfl:  j infomuch  that 
when  the  fheet  of  water  is  not  a quarter  of  an  inch 
thick  before  it  meets  the  float,  yet  this  flieet  will 
a£t  upon  the  whole  furface  of  a float,  whofe  height 
is  3 inches ; and  confequently  was  the  float  no  higher 
than  the  thicknefs  of  the  flieet  of  water,  as  the  the- 
ory alfo  fuppofes,  a great  part  of  the  force  would  have 
been  loft,  by  the  water’s  dafliing  over  the  float  *. 

In  further  confirmation  of  what  is  already  deli- 
vered, I have  adjoined  the  following  table,  contain- 
ing the  refult  of  27  fetts  of  experiments,  made  and 
reduced  in  the  manner  above  fpecified.  What  re- 
mains of  the  theory  of  underfliot  wheels,  will  natu- 
rally follow  from  a comparifon  of  the  different  ex- 
periments together. 

* Since  the  above  was  wrote,  I rind  that  Profefl'or  Euler,  in  the 
Eerlin  A<fts  for  the  year  1748,  in  a memoire  intitled,  Maxims  pour 
ar anger  le  plus  avantageufment  les  machines  dejlin'ees  a elever  de  I’eau 
par  le  moyen  de  pomp es^  page  192.  § 9.  has  the  following  paflage  ; 
which  feems  to  be  the  more  remarkable,  as  I don’t  find  he  has 
given  any  demonftration  of  the  principle  therein  contained,  either 
from  theory  or  experiment;  or  has  made  any  ufe  thereof  in  his 

calculations  on  this  fubjebt. “ Cependant  dans  ce  cas  puifque 

“ l’eau  eft  reflechie,  & qu’elle  decoule  fur  les  aubes  vers  les  cotes, 
“ elle  y exerce  encore  une  force  particuliere,  dont  1’efFet  dc  l’im- 
“ pulrion  fera  augmente  ; & experience  jointe  a la  theorie  a fait 
“ voir  que  dans  ce  cas,  la  force  eft  prefque  double  : de  forte 
“ qu’il  faut  prendre  le  double  de  le  fe&ion  du  fil  d’eau  pour  ce 
“ qui  repond  dans  ce  cas  a le  furface  des  aubes,  pourvu  qu’elles 
“ foient  afiez  larges  pour  recevoir  ce  fupplement  de  force.  Car  ft 
“ les  aubes  netoient  plus  larges  que  le  fil,  on  trait  d’eau  on  ne 
“ devroit  prendre  que  ne  fimple  fe&ion,  tout  comme  dans  lc  pre- 
" mier  cas,  on  l’aube  toute  entire  eft  pappee  par  l’cau.” 
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Maxims  and  Obfervations  deduced  from  the  foregoing 
fable  of  Experiments. 

Maxim  I.  fhat  the  virtual  or  effective  head  being 
the  fame,  the  ejfeB  will  be  nearly  as  the  quantity  of 
water  expended. 

This  will  appear  by  comparing  the  contents  of  the 
columns  4,  8,  and  10,  in  the  foregoing  fetts  of  ex- 
periments i as  for 

Example  1 ft,  taken  from  N°.  8.  and  25,  viz. 

N°.  Virtual  Head.  Water  expended.  Effe£t\ 

8 7,29 161 328 

7,29 355 785 

Now  the  heads  being  equal,  if  the  effects  are  pro- 
portioned to  the  water  expended,  we  (hall  have  by 
maxim  ift,  1 61  : 3 qq  : : 3 28  : 723  ; but  723  falls 
fhort  of  787,  as  it  turns  out  in  experiment  according 
to  N°.  25,  by  62  ; the  effedt  therefore  of  N°.  25, 
compared  with  N°.  8,  is  greater  than  according  to 
the  prefent  maxim  in  the  ratio  of  14  to  13. 

The  foregoing  example,  with  four  (imilar  ones, 
are  feen  at  one  view  in  the  following  Table. 


Examplesj 
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Hence 
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Hence  therefore,  in  comparing  different  experi- 
ments, as  fome  fall  fhort,  and  others  exceed  the 
maximum,  and  all  agree  therewith,  as  near  as  can 
be  expected,  in  an  affair  where  fo  many  different 
circumftances  are  concerned ; we  may,  according  to 
the  laws  of  reafoning  by  induction,  conclude  the 
maxim  true ; viz.  that  the  effects  are  nearly  as  the 
quantity  of  water  expended. 

Maxim  II.  'That  the  expence  of  water  being  the 
fame , the  effect  will  be  nearly  as  the  height  of  the 
virtual  or  effective  head. 

This  alfo  will  appear  by  comparing  the  contents 
of  columns  4,  8,  and  10,  in  any  of  the  fetts  of  ex- 
periments. 

Example  of  N°.  2.  and  N°.  24.  viz. 

N°.  Virt.  Head.  Expence.  EfFe&. 

2 15  264,7  1266 

24  — 4>7  262  38f 

Nov/  as  the  expences  are  not  quite  equal,  we  muft 
proportion  one  of  the  effects  accordingly : thus 
by  maxim  ift,  262  : 264,7  ::  3 By  : 389 
and  by  max.  ad,  ly  : 4,7  ::  12 66  : 3557 

Difference  8 

The  effect  therefore  of  N°.  24.  compared  with  N°. 
2.  is  lefs  than  according  to  the  prefent  maxim  in  the 
ratio  of  45) : 50. 

The  foregoing,  and  two  other  fimilar  examples, 
are  comprifed  in  the  following  Table. 


Examples 
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Maxim  III.  "That  the  quantity  of  water  expended 
being  the  fame , the  effedl  is  nearly  as  the  Jquare  of 
its  velocity . 


This  will  appear  by  comparing  the  contents  of 
columns  3,  8,  and  10,  in  any  of  the  fetts  of  experi- 
ments ; as  for 


Example  if  of  N°.  2.  with  N°.  24.  viz. 


N°.  Turns  in  a min.  Expence.  Effeft. 

2 86  264 ,7  1266 

24  48  262  385 

The  velocity  being  as  the  number  of  turns,  we  fhall 
have. 


by  max.  ift,  262  : 264,7  ::  387  : 389 
and  by  max.  3d,  ^ 73 96  : I304}  ::  1166  =394 


Difference  - - - 5 

The  effed  therefore  of  N°.  24.  compared  with  N°. 
2.  is  lefs  than  by  the  prefent  maxim  in  the  ratio  of 
78  : 79. 


The  foregoing,  and  three  other  fimilar  examples, 
are  comprifed  in  the  following  Table. 


Examples, 
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Maxim  4th.  The  aperture  being  the  fame,  the  effeft 
•will  be  nearly  as  the  cube  of  the  velocity  of  the  water. 

This  alfo  will  appear  by  comparing  the  contents 
of  columns  3,  8,  and  10 ; as  for 

Example  if,  of  N°.  1.  and  N°.  10,  viz . 

N°.  Turns.  Expence.  Effe£t. 

i 88 273 141 1 

IO 42  1 14  I 17 

/ 

Lemma.  It  mud;  here  be  obferved,  that  if  water 
paffes  out  of  an  aperture,  in  the  fame  fedtion,  but 
with  different  velocities ; the  expence  will  be  pro- 
portional to  the  velocity  ; and  therefore  converlely, 
if  the  expence  is  not  proportional  to  the  velocity, 
the  fedtion  of  the  water  is  not  the  fame. 

Now  comparing  the  water  difcharged  with  the 
turns  of  N°.  1.  and  10,  we  fhall  have  88  : 42  :: 
275  : 131,2  ; but  the  water  difcharged  by  N°.  10. 
is  only  1141b.  therefore,  tho’  the  fluice  was  drawn 
to  the  fame  height  in  N°.  10.  as  in  N°.  1.  yet  the 
fedtion  of  the  water  paffing  out,  was  lefs  in  N°.  10. 
than  N°.  1.  in  the  proportion  of  1 14  to  131,2  ; con- 
fequently  had  the  effective  aperture  or  fedtion  of  the 
water  been  the  fame  inN°.  10.  as  in  N°.  1.  fo  that 
131,21b.  of  water  had  been  difcharged  indead  of 
1 1 4,  the  effedt  would  have  been  increafed  in  the 
fame  proportion  ; that  is, 

by  the  Lemma,  88  : 42  : : 27 y : 131,2 

by  maxim  id,  1 14  : J 3 1,2  : : 117:1 34,5 


and  by  max.  4th>  j68]f_2 


1472  : 74 

Difference 


1 9 
The 
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The  effedt  therefore  of  N°.  io.  compared  with 
N°.  i.  is  lefs  than  it  ought  to  be  by  the  prefent 
maxim  in  the  ratio  of  7:8. 

The  foregoing,  and  three  other  fimilar  examples, 
are  contained  in  the  following  Table. 
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Observations. 

Obferv.  iff  On  comparing  column  2d  and  4th, 
Tab.  I.  it  is  evident,  that  the  virtual  head  bears 
no  certain  proportion  to  the  head  of  water  ; but  that 
when  the  aperture  is  greater,  or  the  velocity  of  the 
water  ifiuing  therefrom  lefs,  they  approach  nearer  to 
a coincidence  : and  confequently  in  the  large  open- 
ings of  mills  and  fluices,  where  great  quantities  of 
water  are  difcharged  from  moderate  heads,  the  head 
of  water,  and  virtual  head  determined  from  the  ve- 
locity, will  nearly  agree,  as  experience  confirms. 

Obferv.  id.  Upon  comparing  the  feveral  pro- 
portions between  the  power  and  effect  in  column 
1 1 th,  the  moff  general  is  that  of  10  to  3 ; the  ex- 
tremes 10  to  3,2  and  10  to  2,8  ; but  as  it  is  obferv- 
able,  that  where  the  qu'antity  of  water,  or  the  ve- 
locity thereof  3 that  is,  where  the  power  is  greateft, 
the  2d  term  of  the  ratio  is  greateif  alfo : we  may 
therefore  well  allow  the  proportion  fubfifiing  in  large 
works,  as  3 to  1. 

Obferv . The  proportions  of  velocities  be- 

ween  the  water  and  wheel  in  column  1 2,  are  con- 
tained in  the  limits  of  3 to  1 and  2 to  i;  but  as 
the  greater  velocities  approach  the  limit  of  3 to  1, 
and  the  greater  quantity  of  water  approach  to  that 
of  2 to  1,  the  befl  general  proportion  will  be  that 
of  5 to  2. 

Obferv . 4 tb*  On  comparing  the  numbers  in 
column  13,  it  appears,  that  there  is  no  certain  ratio 
between  the  lead  that  the  wheel  will  carry  at  its 
maximum , and  what  will  totally  flop  itj  but  that 
they  are  contained  within  the  limits  of  20  to  ip,  and 
3 of 
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of  20  to  153  but  as  the  effedt:  approaches  neareft 
to  the  ratio  of  20  to  15,  or  of  4 to  3,  when  the 
power  is  greateft,  whether  by  increafe  of  velocity,  or 
quantity  of  water,  this  feems  to  be  the  moft  appli- 
cable to  large  works : but  as  the  load  that  a wheel 
ought  to  have,  in  order  to  work  to  the  heft  advan- 
tage, can  be  affigned,  by  knowing  the  effedt  it  ought 
to  produce,  and  the  velocity  it  ought  to  have  in  pro- 
ducing it 3 the  exadt  knowlege  of  the  greateft  load  it 
will  bear,  is  of  the  lefs  confequence  in  pradtice. 

It  is  to  be  noted,  that  in  all  the  examples  under  the 
three  laft  of  the  four  preceding  maxims,  the  effedt 
of  the  leffer  power  falls  fhort  of  its  due  proportion 
to  the  greater,  when  compared  by  its  maxim  3 except 
the  laft  example  of  maxim  4th  : and  hence,  if  the 
experiments  are  taken  ftridlly,  we  mult  infer,  that 
the  effedts  increafe  and  diminifh  in  an  higher  ratio 
than  thofe  maxims  fuppofe  : but  as  the  deviation  is 
not  very  confiderable,  the  greateft  being  about  i-8th 
of  the  quantity  in  queftion  3 and  as  it  is  not  eafy  to 
make  experiments  of  fo  compounded  a nature  with 
abfolute  precifion 5 we  may  rather  fuppofe,  that  the 
leffer  power  is  attended  with  fome  fridtion,  or  vvorks 
under  fome  difadvantage,  which  has  not  been  duly 
accounted  for,  and  therefore  we  may  conclude,  that 
thefe  maxims  will  hold  very  nearly,  when  applied  to 
works  in  large. 

After  the  experiments  above  mentioned  were  tried, 
the  wheel,  which  had  originally  24  floats,  was  re-* 
duced  to  twelve 3 which  caufed  a diminution  in  the 
effedt,  on  account  of  a greater  quantity  of  water 
efcaping  between  the  floats  and  the  floor  3 but  a cir- 

R 2 cular 
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cular  fweep  being  adapted  thereto,  of  fuch  a length, 
that  one  float  entered  the  curve  before  the  preceding 
one  quitted  it,  the  efFedt  came  fo  near  to  the  former, 
as  not  to  give  hopes  of  advancing  it  by  increafing 
the  number  of  floats  beyond  24  in  this  particular 
wheel. 


PART  II. 


Concerning  Overshot  Wheels. 

Read  May  24,  TN  the  former  part  of  this  eflay,  we  have 
X confldered  the  impulfe  of  a confined 
ftrearn,  adting  on  Underjhot  Wheels.  We  now  pro- 
ceed to  examine  the  power  and  application  of  water, 
when  adting  by  its  gravity  on  Overjleot  Wheels. 

In  reafoning  without  experiment,  one  might  be 
led  to  imagine,  that  however  different  the  mode  of 
application  is ; yet  that  whenever  the  fame  quantity 
of  water  defeends  thro’  the  fame  perpendicular  fpace, 
that  the  natural  effedtive  power  would  be  equal ; 
fuppofing  the  machinery  free  from  fridtion,  equally 
calculated  to  receive  the  full  effedl  of  the  power,  and 
to  make  the  mod  of  it : for  if  we  fuppofe  the  height 
of  a column  of  water  to  be  30  inches,  and  refling 
upon  a bafe  or  aperture  of  one  inch  fquare  ; every 
cubic  inch  of  water  that  departs  therefrom  will  ac- 
quire the  fame  velocity  or  momentum , from  the 
uniform  preflure  of  30  cubic  inches  above  it,  that 
one  cubic  inch  let  fall  from  the  top  will  acquire  in 
falling  down  to  the  level  of  the  aperture  ; viz.  fuch 
a velocity  as  in  a contrary  diredtion  would  carry  it  to 

the 
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the  level  from  whence  it  fell ; * one  would  therefore 
fuppofe,  that  a cubic  inch  of  water,  let  fall  thro’  a 
fpace  of  30  inches,  and  there  impinging  upon  an- 
other body,  would  be  capable  of  producing  an  equal 
effed  by  collifion,  as  if  the  fame  cubic  inch  had  de- 
fended thro’  the  fame  fpace  with  a flower  motion, 
and  produced  its  effects  gradually : for  in  both  cafes 
gravity  ads  upon  an  equal  quantity  of  matter,  thro’ 
an  equal  fpace  -f* ; and  confequently,  that  whatever 
was  the  ratio  between  the  power  and  effed  in  under- 
fhot  wheels,  the  fame  would  obtain  in  overfhot,  and 
indeed  in  all  others : yet,  however  conclufive  this 
reafoning  may  feem,  it  will  appear,  in  the  courfe  of 
the  following  dedudions,  that  the  effed  of  the  gra- 
vity of  defending  bodies  is  very  different  from  the 
effed  of  the  ffroke  of  fuch  as  are  non-elaftic , tho” 
generated  by  an  equal  mechanical  power. 

The  alterations  in  the  machinery  already  defcribed, 
to  accommodate  the  fame  for  experiments  on  over- 
fhot wheels,  were  principally  as  follows. 

Plate  V.  Fig.  2.  The  fluice  I b being  fhut 
down,  the  rod  HI  was  unff rewed  and  taken  off. 

The  underfhot  water-wheel  was  taken  off  the  axis, 
and  inflead  thereof  an  overfhot  wheel  of  the  fame 


* This  is  a confequence  of  the  rifing  of  jetts  to  the  height  of 
their  refetvoirs  nearly. 

f Gravity,  it  is  true,  ads  a longer  fpace  of  time  upon  the  body 
that  defcends  flow  than  upon  that  which  falls  quick  ; but  this  can- 
not occalion  the  difference  in  the  effed  : for  an  elaffic  body  falling 
thro’  the  fame  fpace  in  the  fame  time,  will,  by  collifion  upon  an- 
other elaffic  body,  rebound  nearly  to  the  height  from  which  it  fell; 
or,  by  communicating  its  motion,  caufe  an  equal  one  to  afcend 
to  the  fame  height. 


diameter 
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diameter  was  put  into  its  place.  Note%  This  wheel 
was  two  inches  in  the  fhroud  or  depth  of  the  bucket  ; 
the  number  of  the  buckets  was  36. 

The  flandards  S and  T,  Fig.  1.  were  raifed  half 
an  inch,  fo  that  the  bottom  of  the  wheel  might  be 
clear  of  ftagnant  water. 

A trunk,  for  bringing  the  water  upon  the  wheel, 
was  fixed  according  to  the  dotted  lines  f g,  Fig.  2. 
The  aperture  was  adjufled  by  a fhuttle  h /,  which 
alfo  doled  up  the  outer  end  of  the  trunk,  when  the 
water  was  to  be  flopped. 

Fig.  3.  The  ratchet  0 0,  not  being  of  one  piece 
of  metal  with  the  ferrule  e e , i i (tho*  fo  defcribed 
before,  to  prevent  unnecefTary  diflindlions),  was  with 
its  catch  turned  the  contrary  fide ; confequently  the 
moveable  barrel  would  do  its  office  equally,  notwith- 
ftanding  the  water-wheel,  when  at  work,  moved  the 
contrary  way. 


Specimen 


C »7  ] 

Specimen  of  a Sett  of  Experiments. 

Head  6 inches. 

14  \ ilrokes  of  the  pump  in  a minute,  12  ditto  = 
80  lb.  * 

Weight  of  the  fcale  (being  wet)  io-j  02. 
Counterweight  for  20  turns,  belides  the  fcale,  3 oz. 


Weight  in 

No.  the  Scale.  Turns.  Product.  Obfervations. 


I — — 

— 0 lb. 

— 60  — 

— ■ 1 Threw  moft  part 

2 

— • 1 — 

56  — - 

— - > of  the  water  out 

3 — 

— 2 — 

52 

\ of  the  wheel. 

4 

3 

49 

14-7  7 Received  the  wa- 

5 

4 

47  — 

— 1 S 8 ter  more  quietly. 

6 

5 

45 

— 225 

7 

— 6 — 

— 42  i — 

255 

8 

7 

41  — 

— 287 

9 

— 8 - 

— 38  r — 

308 

10  — 

— 9 

36  * 

328  l 

11  — 

— ■ 10  — 

35  5 

355 

12  — 

— 11  — 

3 2 4 

360  i 

33 

— 12  — 

31  1 

375 

14  — 

13 

— 28  1 — 

37°  * 

3 5 ~ 

34 

27  1 

385 

n (9  

1 U 

1 5 

39° 

1 7 

— 16  - 

24  | — 

39z 

18 

17 

22  | — 

— 3«6i 

l9 

— 18  - 

21  % 

39l  l 

20  — 

l9 

20  | 

394-  4 7 Maximum. 

21  — 

— 20  — 

19  % 

395  i 

22  — 

— 21  — 

— l8*  - 

— 288  i 

23  — 

— 22  — 

l8 

— 396  Work’d  irregular. 

24 

23 

— - Overfet  by  its  load. 

* The  (mail  difference,  in  the  value  of  12  ftrokes  of  the  pump, 
from  the  former  experiments,  was  owing  to  a fmall  difference  in 
the  length  of  the  ffroke,  occafioned  by  the  warping  of  the  wood. 

Re du  tit  cm 
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Reduff  ion  of  the  preceding  Specimen. 

In  thefe  experiments  the  head  being  6 inches,  and 
the  height  of  the  wheel  24  inches,  the  whole  de- 
lcent  will  be  30  inches : the  expence  of  water  was 
] 4 i ftrokes  of  the  pump  in  a minute,  whereof  12 
contained  80  lb.;  therefore  the  water  expended  in  a 
minute  was  96 -fib.  which,  multiplied  by  30  inches, 
gives  the  power  = 2900. 

If  we  take  the  20th  experiment  for  the  maximum , 
we  fhall  have  20  turns  in  a minute,  each  of  which 
raifed  the  weight  4 4-  inches,  that  is,  93,37  inches  in 
a minute.  The  weight  in  the  lcale  was  19  lb,  the 
weight  o/’the  lcale  io-1-oz.;  the  counter-weight  3 oz. 
in  the  fcale,  which,  with  the  weight  of  the  fcale 
io-^oz.  makes  in  the  whole  20 -lb.  which  is  the 
whole  refiilance  or  load:  this,  multiplied  by  93,37 
inches,  makes  1914  for  the  effedt. 

The  ratio  therefore  of  the  power  and  ejfeff  will 
be  as  2900  : 1914,  or  as  10  : 6,6,  or  as  3 : 2 nearly. 

But  if  we  compute  the  power  from  the  height  of 
the  wheel  only,  we  lhall  have  96  -§  lb.  multiplied  by 
24  inches  = 2320  for  the  power , and  this  will  be 
to  the  effeff  as  2320  : 1914,  or  as  10  : 82,  or  as 
5 : 4 nearly. 

The  reduction  of  this  fpecimen  is  fet  down  in 
N°.  9.  of  the  following  Table  ; and  the  reft  were  de- 
duced from  a fimilar  fett  of  experiments,  reduced  in 
the  fame  manner. 


Table 
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Table  II.  containing  the  Refult  of  Sixteen  Setts 
of  Experiments  on  Overjhot  Wheels. 
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Oh f creations  and  Deductions  from  the  foregoing  Ex- 
periments. 

I.  Concerning  the  Ratio  between  the  Power  and  Ef'eCt 
of  Overfot  Wheels. 

The  effective  power  of  the  water  muft  be  rec- 
koned upon  the  whole  defcent ; becaufe  it  muft  be 
Vol.  LI.  S raifed 


[I3°] 

raifed  that  height,  in  order  to  be  in  a condition  of 
producing  the  fame  effed  a fecond  time. 

The  ratio’s  between  the  powers  fo  eftimated,  and 
the  cfjcdts  at  the  maximum  deduced  from  the  feveral 
fetts  of  experiments,  are  exhibited  at  one  view  in 
column  9.  of  Table  II.;  and  from  hence  it  appears, 
thatthofe  ratio’s  differ  from  that  of  10  to  7,6  to  that 
of  io  : 532,  that  is,  nearly  from  4 : 3 to  4 : 2.  In 
thofe  experiments  where  the  heads  of  water  and 
quantities  expended  are  lead:,  the  proportion  is  near- 
ly as  4 : 3 ; but  where  the  heads  and  quantities  are. 
greateff,  it  approaches  nearer  to  that  of  4 : 1 ; and 
by  a medium  of  the  whole,  the  ratio  is  that  of  3 : 2 
nearly.  We  have  feen  before,  in  our  obfervations 
upon  the  effeds  of  underfhot  wheels,  that  the  gene- 
ral ratio  of  the  power  to  the  effed,  when  greateff, 
was  3:1;  the  efedl  therefore  of  overfpot  wheels , under 
the  fame  circumflances  of  quantity  and  Jail , is  at  a 
medium  double  to  that  of  the  underfoot : and,  as  a 
confequence  thereof,  that  nonelafic  bodies,  when  act- 
ing by  their  impulje  or  collifion , communicate  only  a 
part  of  their  original  power ; the  other  part  being 
fpent  in  changing  their  figure  in  confequence  of  the 
ftroke. 

The  powers  of  water  computed  from  the  height 
of  the  wheel  only,  compared  with  the  effeds,  as  in 
column  1 o.  appear  to  obferve  a more  conffant  ratio  : 
for  if  wre  take  the  medium  of  each  clafs,  which  is 
let  down  in  column  1 1,  we  fhall  find  the  extremes 
to  differ  no  more  than  from  the  ratio  of  10  : 8,1  to 
that  of  1 o : 8,5  ; and  as  the  fecond  term  of  the  ratio 
gradually  increafes  from  8, 1 to  8,53  by  an  incrcafe 
of  head  from  3 inches  to  1 1,  the  excefs  of  8,7  above 
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$,  I is  to  be  imputed  to  the  fuperior  impulfe  of  the 
water  at  the  head  of  1 1 inches  above  that  of  3 
inches:  fo  that  if  we  reduce  8,1  to  8,  on  account 
of  the  impulfe  of  the  3 inch  head,  we  Jhall  have 
the  ratio  of  the  power , computed  upon  the  height  of 
the  wheel  only , to  the  eff  'edt  at  a maximum  as  10  : 8, 
or  as  5 : 4,  nearly  : and  from  the  equality  of  the  ratio 
between  power  and  effedt,  fubfifting  where  the  con- 
ftrudtions  are  Similar,  we  muff:  infer,  that  the  effedfs,  as 
well  as  the  powers,  are  as  the  quantities  of  water  and 
perpendicular  heights  multiplied  together  refpeclively. 

II.  Concerning  the  mofi  proper  Height  of  the  Wheel 
in  proportion  to  the  whole  Defcent. 

We  have  already  feen,  from  the  preceding  ob~ 
fervation,.  that  the  effedt  of  the  fame  quantity  of 
water,  defeending  thro’  the  fame  perpendicular  Space, 
is  double,  when  adting  by  its  gravity  upon  an  over- 
shot wheel,  to  what  the  fame  produces  when  adting 
by  its  impulfe  upon  an  underihot.  It  alfo  appears, 
that  by  increasing  the  head  from  3 inches  to  1 1,  that 
is,  the  whole  defcent,  from  27  inches  to  35,  or  in  the 
ratio  of  7 to  9 nearly,  the  effedt  is  advanced  no  more 
than  in  the  ratio  of  8,1  to  8,4,  that  is,  as  7 : 7,26  ; 
and  confequently  the  increafe  of  effedt  as  not  i-yth 
of  the  increafe  of  perpendicular  height.  Hence  it 
follows,  that  the  higher  the  wheel  is  in  proportion  to 
the  whole  defcent , the  greater  will  he  the  eff'cdl  be- 
cause it  depends  lefs  upon  the  impulfe  of  the  head, 
and  more  upon  the  gravity  of  the  water  in  the 
buckets : and  if  we  conffder  how  obliquely  the 
water  iffuing  from  the  head  muff  Strike  the  buckets, 
we  (hall  not  be  at  a lofs  to  account  for  the  little  ad- 
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vantage  that  arifes  from  the  impulfe  thereof ; and  (hall 
immediately  fee  of  how  little  confequence  this  impulfe 
is  to  the  effebt  of  an  overfhot  wheel.  However,  as 
every  thing  has  its  limits,  fo  has  this : for  thus  much  is 
defirable,  that  the  water  Jhould  have  J'omewhat  greater 
velocity , than  the  circumference  of  the  wheel , in 
coming  thereon ; otherwife  the  wheel  will  not  only 
be  retarded,  by  the  buckets  finking  the  water,  but 
thereby  dafhing  a part  of  it  over,  fo  much  of  the 
power  is  loft. 

The  velocity  that  the  circumference  of  the  wheel 
ought  to  have,  being  known  by  the  following  de- 
ductions, the  head  requifite  to  give  the  water  its  pro- 
per velocity  is  eafily  computed  from  the  common 
rules  of  hydroftatics  ; and  will  be  found  much  lefs 
than  what  is  generally  prabtifed. 

III.  Concerning  the  Velocity  of  the  Circumference  of 

the  Wheel , in  order  to  produce  the  greatejl  Effeel. 

If  a body  is  let  fall  freely  from  the  furface  of  the 
head  to  the  bottom  of  the  defcent,  it  will  take  a 
certain  time  in  falling  ; and  in  this  cafe  the  whole 
ablion  of  gravity  is  fpent  in  giving  the  body  a certain 
velocity  : but  if  this  body  in  falling  is  made  to  abt 
upon  fome  other  body,  fo  as  to  produce  a mechani- 
cal effebt,  the  falling  body  will  be  retarded ; becaufe 
a part  of  the  adtion  of  gravity  is  then  fpent  in  pro- 
ducing the  effebt,  and  the  remainder  only  giving 
motion  to  the  falling  body  : and  therefore  the  flower 
a body  defcends , the  greater  will  be  the  portion  of  the 
a Cl  ion  of  gravity  applicable  to  the  producing  a me- 
chanical efl'eCl ; and  in  confequence  the  greater  that 
effebt  may  be. 


If 
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If  a ftream  of  water  falls  into  the  bucket  of  an 
overfhot  wheel,  it  is  there  retained  till  the  wheel 
by  moving  round  difcharges  it : of  confequence  the 
flower  the  wheel  moves,  the  more  water  each  bucket 
will  receive : fo  that  what  is  loft  in  fpeed,  is  gained 
by  the  preflure  of  a greater  quantity  of  water  adting 
in  the  buckets  at  once  : and,  if  conftdered  only  in  this 
light,  the  mechanical  power  of  an  overfhot  wheel  to 
produce  effects  will  be  equal,  whether  it  moves  quick 
or  flow  : but  if  we  attend  to  what  has  been  juft  now 
obferved  of  the  falling  body,  it  will  appear  that 
fo  much  of  the  adtion  of  gravity,  as  is  employed  in 
giving  the  wheel  and  water  therein  a greater  velocity, 
muft  be  fubtradted  from  its  preflure  upon  the  buckets ; 
fo  that,  tho’  the  produdt  made  by  multiplying  the 
number  of  cubic  inches  of  water  adding  in  the  wheel 
at  once  by  its  velocity  will  be  the  fame  in  all  cafes ; 
yet,  as  each  cubic  inch,  when  the  velocity  is  greater 
does  not  prefs  fo  much  upon  the  bucket  as  when  it 
is  lejf  the  power  of  the  water  to  produce  effedts  will 
be  greater  in  the  lefts  velocity  than  in  the  greater  : 
and  hence  we  are  led  to  this  general  rule,  that, 
ceteris  paribus,  the  left  the  velocity  of  the  wheel the 
greater  will  be  the  eff’eSl  thereof.  A confirmation  of 
this  dodtrine,  together  with  the  limits  it  is  fubjedt  to 
in  pradtice,  may  be  deduced  from  the  foregoing  fpe- 
cimen  of  a fett  of  experiments. 

From  thefe  experiments  it  appears,  that  when  the 
wheel  made  about  20  turns  in  a minute,  the  effedt 
was,  near  upon,  the  greateft.  When  it  made  30  turns, 
the  efifedt  was  diminifhed  about  -1-  part  but  that 
when  it  made  40,  it  was  dimimiftied  about  ft  when 
it  made  lefs  than  18  ft,  its  motion  was  irregular  and 

when 
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when  it  was  loaded  fo  as  not  to  admit  its  making  18 
turns,  the  wheel  was  overpowered  by  its  load. 

It  is  an  advantage  in  pra&ice,  that  the  velocity  of 
the  wheel  ihould  not  be  diminifhed  further  than  what 
will  procure  fome  folid  advantage  in  point  of  power; 
becaufe,  caeteris  paribus , as  the  motion  is  ilower, 
the  buckets  mud  be  made  larger ; and  the  wheel 
being  more  loaded  with  water,  the  ftrefs  upon  every 
part  of  the  work  will  be  increafed  in  proportion  : 
"The  bejl  velocity  for  practice  therefore  will  be  Juch , as 
when  the  wheel  here  ufed  made  about  30  turns  in  a 
minute  ; that  /r,  when  the  velocity  of  the  circum- 
ference is  a little  more  than  3 feet  in  a fecond. 

Experience  confirms,  that  this  velocity  of  3 feet 
in  a fecond  is  applicable  to  the  higheft  overfhot  wheels, 
os  well  as  the  lowed  ; and  all  other  parts  of  the 
work  being  properly  adapted  thereto,  will  produce 
very  nearly  the  greateft  effedl  poflible  : however  this 
alfo  is  certain  from  experience,  that  high  wheels  may 
deviate  further  from  this  rule , before  they  will  lofe 
their  power , by  a given  aliquot  part  of  the  whole , 
than  low  ones  can  be  admitted  to  do  ; for  a wheel  of 
23,  feet  high  may  move  at  the  rate  of  fix  feet  per 
fecond  without  loling  any  confiderable  part  of  its 
power*;  and,  on  the  other  hand,  I have  feen  a 
wheel  of  33  feet  high,  that  has  moved  very  fteadily 
and  well  with  a velocity  but  little  exceeding  2 feet. 


* The  24  feet  wheel  going  at  6 feet  in  a fecond  feems  owing  to 
the  final]  proportion  that  the  head  (requifite  to  give  the  water  tire 
proper  velocity  of  the  wheel)  bears  to  the  whole  height. 
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IV.  Concerning  the  Load  for  an  Overftoot  Wheel,  in 
order  that  it  may  produce  a Maximum . 

The  maximum  load  for  an  overjhot  wheel,  is  that 
which  reduces  the  circumferences  of  the  wheel  to  its 
proper  velocity  3 and  this  will  be  known,  by  dividing 
the  efFedt  it  ought  to  produce  in  a given  time  by  the 
fpace  intended  to  be  deferibed  by  the  circumference 
of  the  wheel  in  the  fame  time  : the  quotient  will  be 
the  refinance  overcome  at  the  circumference  of  the 
wheel ; and  is  equal  to  the  load  required,  the  fric- 
tion and  refiftance  of  the  machinery  included. 

V.  Concerning  the  great  eft  pojftble  Velocity  of  an 

Over  {hot  Wheel. 

The  greateft  velocity  that  the  circumference  of  an. 
over  fir  ot  wheel  is  capable  of,  depends  jointly  upon 
the  diameter  or  height  of  the  wheel,  and  the  velo- 
city of  falling  bodies 3 for  it  is  plain  that  the  velocity 
of  the  circumference  can  never  be  greater,  than  to 
deferibe  a femi- circumference,  while  a body  let  fall 
from  the  top  of  the  wheel  will  defeend  thro’  its  di- 
ameter 3 nor  indeed  quite  fo  great,  as  a body  de- 
feending  thro’  the  fame  perpendicular  fpace  cannot 
perform  the  fame  in  fo  fmall  a time  when  paffing 
thro’  a femi-circle,  as  would  be  done  in  a perpendi- 
cular line.  Thus,  if  a wheel  is  i 6 feet  i inch  high, 
a body  will  fall  thro’  the  diameter  in  one  fecond  : 
this  wheel  therefore  can  never  arrive  at  a velocity 
equal  to  the  making  one  turn  in  two  feconds  3 but, 
in  reality,  an  over  (hot  wheel  can  never  come  near 
this  velocity  3 for  when  it  acquires  a certain  fpeed,. 
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the  greateft  part  of  the  water  is  prevented  from  en- 
tering the  buckets ; and  the  reft,  at  a certain  point 
of  its  deicent,  is  thrown  out  again  by  the  centrifugal 
force.  This  appears  to  have  been  the  cafe  in  the 
three  firft  experiments  of  the  foregoing  fpecimen ; 
but  as  the  velocity,  when  this  begins  to  happen,  de- 
pends upon  the  form  of  the  buckets,  as  well  as  other 
circumftances,  the  utmoft  velocity  of  overjhot  wheels 
is  not  to  be  determined  generally  : and,  indeed,  it  is 
the  lefs  neceftary  in  practice,  as  it  is  in  this  circum- 
ftance  incapable  of  producing  any  mechanical  effeff, 
for  reafons  already  given. 

VI.  Concerning  the  greatejl  Load  that  an  Over  foot 
Wheel  can  overcome. 

The  great  eft  load  an  over  (loot  wheel  will  overcome , 
confidered  abjlradledly , is  unlimited  or  infinite  : for  as 
the  buckets  may  be  of  any  given  capacity,  the  more 
the  wheel  is  loaded,  the  flower  it  turns ; but  the 
flower  it  turns,  the  more  will  the  buckets  be  filled 
with  water ; and  confequently  tho’  the  diameter  of 
the  wheel,  and  quantity  of  water  expended,  are  both 
limited,  yet  no  refiftance  can  be  afligned,  which  it  is 
not  able  to  overcome  : but  in  pradtice  we  always 
meet  with  fomething  that  prevents  our  getting  into 
infinitefimals ; for  when  we  really  go  to  work  to  build 
a wheel,  the  buckets  muft  neceflarily  be  of  fome 
given  capacity ; and  confequently  fuch  a refinance 
will  flop  the  wheel , as  is  equal  to  the  effort  of  all  the 
buckets  in  one  fem i-circu inference  filled  with  water. 

The  ftrudture  of  the  buckets  being  given,  the 
quantity  of  this  effort  may  be  afligned ; but  is  not 
of  much  confequence  to  the  pradtice,  as  in  this  cafe 
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alfo  the  wheel  lofes  its  power ; for  tho’  here  is  the 
exertion  of  gravity  upon  a given  quantity  of  water, 
yet  being  prevented  by  a counterbalance  from  mov- 
ing, is  capable  of  producing  no  mechanical  effe5ly 
according  to  our  definition.  But,  in  reality,  an  over- 
fhot  wheel  generally  ceafes  to  be  ufeful  before  it  is 
loaded  to  that  pitch  ; for  when  it  meets  with  fuch  a 
refijlance  as  to  diminijh  its  velocity  to  a certain  degree , 
its  motion  becomes  irregular ; yet  this  never  happens 
till  the  velocity  of  the  circumference  is  lefs  than  2 feet 
per  fecond,  where  the  refijlance  is  equable , as  appears 
not  only  from  the  preceding  fpecimen,  but  from  ex- 
periments on  larger  wheels. 

Scholium. 

Having  now  examined  the  different  effects  of  the 
power  of  water,  when  afting  by  its  impulfe , and  by 
its  weight , under  the  titles  of  underfoot  and  overfoot 
wheels  j we  might  naturally  proceed  to  examine  the 
effects  when  the  impulfe  and  weight  are  combined,  as 
in  the  feveral  kinds  of  breaf -wheels,  &c.  but,  what  has 
been  already  delivered  being  carefully  attended  to,  the 
application  of  the  fame  principles  in  thefe  mixt  cafes 
will  be  eafy,  and  reduce  what  I have  to  fay  on  this 
head  into  a narrow  compafs : for  all  kinds  of  wheels 
where  the  water  cannot  defcend  thro’  a given  fpace, 
unlefs  the  wheel  moves  therewith,  are  to  be  con- 
fidered  of  the  nature  of  an  overfhot  wheel,  accord- 
. ing  to  the  perpendicular  height  that  the  water  de- 
fcends  from ; and  all  thofe  that  receive  the  impulfe 
or  fhock  of  the  water,  whether  in  an  horizontal,  per- 
pendicular, or  oblique  direction,  are  to  be  confidered 
as  underfhots.  And  therefore  a wheel,  which  the 
Vol.  LI.  T water 
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water  ftrikes  at  a certain  point  below  the  furface  of 
the  head,  and  after  that  defcends  in  the  arch  of  a 
circle,  prefling  by  its  gravity  upon  the  wheel ; the 
effect  of  Jitch  a wheel  will  be  equal  to  the  effect  of  an 
under '[hot,  whofe  head  is  equal  to  the  difference  of 
level  between  the  Jurface  of  the  water  in  the  refervoir 
and  the  point  where  it  fir  ikes  the  wheel , added  to  that 
of  an  overjhot , whofe  height  is  equal  to  the  difference 
of  level,  between  the  point  where  it  ftrikes  the  wheel 
and  the  level  of  the  tail-water.  It  is  here  fuppofed, 
that  the  wheel  receives  the  fhock  of  the  water  at 
right  angles  to  its  radii ; and  that  the  velocity  of  its 
circumference  is  properly  adapted  to  receive  the  ut- 
moft  advantage  of  both  thefe  powers ; otherwife  a 
reduction  mufl  be  made  on  that  account. 

Many  obvious  and  confiderable  improvements  up- 
on the  common  praftice  naturally  offer  themfelves, 
from  a due  confideration  of  the  principles  here  eftab- 
lifhed,  as  well  as  many  popular  errors  fhow  them- 
felves in  view  : but  as  my  prefent  purpofe  extends 
no  farther  than  the  laying  down  fuch  general  rules 
as  will  be  found  to  anfwer  in  practice,  I leave  the 
particular  application  to  the  intelligent  artift,  and  to 
the  curious  in  thefe  matters. 


PART  III. 

On  the  Conftrufiion  and  E fields  of  Windmill- 

Sails. 


Read  3 1 May  & 
14  June,  1759. 


IN  trying  experiments  on  windmill- 
fails,  the  wind  itfelf  is  too  uncertain 


to  anfwer  the  purpofe  : we  muft  therefore  have  re- 
courfe  to  an  artificial  wind. 


This 
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This  may  be  done  two  ways;  either  by  caufing 
the  air  to  move  againft  the  machine,  or  the  machine 
• to  move  againft  the  air.  To  caufe  the  air  to  move 
againft  the  machine,  in  a fufticient  volumn,  with 
fteadinefs  and  the  requifite  velocity,  is  not  ealily  put 
in  practice  : To  carry  the  machine  forward  in  a 

right  line  againft  the  air,  would  require  a larger  room 
than  I could  conveniently  meet  with.  What  I found 
moft  practicable,  therefore,  was,  to  carry  the  axis, 
whereon  the  fails  were  to  be  fixed,  progrefiively  round 
in  the  circumference  of  a large  circle.  Upon  this 
idea  * a machine  was  conftrudted,  as  follows. 


Plate  VI.  Fig.  i. 

ABC  is  a pyramidical  frame  for  fupporting  the 
moving  parts. 

D E is  an  upright  axis,  whereon  is  framed 
F G,  an  arm  for  carrying  the  fails  at  a proper  dis- 
tance from  the  center  of  the  upright  axis. 


* Some  years  ago  Mr.  Roufe,  an  ingenious  gentleman  of  Har- 
borough  in  Leicefterfhire,  fet  about  trying  experiments  on  the  ve- 
locity of  the  wind,  and  force  thereof  upon  plain  furfaces  and 
windmill-fails  : and  much  about  the  fame  time  Mr.  Ellicott  con- 
trived a machine  for  the  ufe  of  the  late  celebrated  Mr.  B.  Robins, 
for  trying  the  refiftance  of  plain  furfaces  moving  thro’  the  air. 
The  machines  of  both  thefe  gentlemen  were  much  alike,  tho’  at 
that  time  totally  unacquainted  with  each  other’s  inquiries.  But  it 
often  happens,  that  when  two  perfons  think  juftly  upon  the  fame 
fubje£f,  their  experiments  are  alike.  This  machine  was  alfo  built 
upon  the  fame  idea  as  the  foregoing;  but  differed  in  having  the  hand 
for  the  firft  mover,  with  a pendulum  for  its  regulator,  inftead  of  a 
weight,  as  in  the  former ; which  was  certainly  beft  for  the  pur- 
pofes  of  meafuring  the  impulfe  of  the  wind,  or  refiftance  of  plains  : 
but  the  latter  is  more  applicable  to  experiments  on  windmill-fails  ; 
becaufe  every  change  of  pofition  of  the  fame  fails  will  occafion 
their  meeting  the  air  with  a different  velocity,  tho’  urged  by  tha 
fame  weight. 

T 2 His 
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H is  a barrel  upon  the  upright  axis,  whereon  is 
wound  a cord  j which,  being  drawn  by  the 
hand,  gives  a circular  motion  to  the  axis,  and 
to  the  arm  F G ; and  thereby  carries  the  axis 
of  the  fails  in  the  circumference  of  a circle, 
whofe  radius  is  D I,  caufing  thereby  the  fails 
to  ftrike  the  air,  and  turn  round  upon  their 
own  axis. 

At  L is  fixed  the  end  of  a fmall  line,  which  palling 
through  the  pullies  M N O,  terminates  upon  a 
fmall  cylinder  or  barrel  upon  the  axis  of  the 
fails,  and,  by  winding  thereon,  raifes 
P the  fcale,  wherein  the  weights  are  placed  for 
trying  the  power  of  the  fails.  This  fcale,  moving- 
up  and  down  in  the  direction  of  the  upright 
axis,  receives  no  diflurbance  from  the  circular 
motion. 

Q^R  two  parallel  pillars  Handing  upon  the  arm  F G, 
for  the  purpofe  of  fupporting  and  keeping 
Heady  the  fcale  P ; which  is  kept  from  fwing- 
ing  by  means  of 

S T two  fmall  chains,  which  hang  loofely  round  the 
two  pillars. 

W is  a weight,  for  bringing  the  center  of  gravity  of 
the  moveable  part  of  the  machine  into  the  cen- 
ter of  motion  of  the  axis  D E. 

V X is  a pendulum,  compofed  of  two  balls  of  lead, 
which  are  moveable  upon  a wooden  rod,  and 
thereby  can  be  fo  adjuHed,  as  to  vibrate  in  any 
time  required.  This  pendulum  hangs  upon  a 
cylindrical  wire,  whereon  it  vibrates,  as  on  a 
rolling  axis. 

Y is  a perforated  table  for  fupporting  the  axis  of 
the  pendulum. 

Note> 
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Note , The  pendulum  being  fo  adjufted,  as  to  make 
two  vibrations  in  the  time  that  the  arm  F G is  in- 
tended to  make  one  turn  ; the  pendulum  being  fet 
a vibrating,  the  experimenter  pulls  by  the  cord  Z, 
with  fufficient  force  to  make  each  half  revolution  of 
the  arm  to  correfpond  with  each  vibration,  as  equal 
as  poffible,  during  the  number  of  vibrations  that 
the  experiment  is  intended  to  be  continued.  A 
little  practice  renders  it  eafy  to  give  motion  thereto 
with  all  the  regularity  that  is  neceffary. 

Specimen  oj  a Sett  of  Experiments. 


Radius  of  the  fails  2 1 inches 

Length  of  ditto  in  the  cloth  — — 18 

Breadth  of  ditto  j,6 

Angle  at  the  extremity  « 10  degrees 

(.Ditto  at  the  greateft  inclination  — 25 

20  turns  of  the  fails  raifed  the  weight  11,  3 inches 


Velocity  of  the  center  of  the  fails,  in  the*} 

circumference  of  the  great  circle,  in  a VdF.  o in. 

fecond  — - — - J 

Continuance  of  the  experiment  52  feconds. 


N*. 

Wt.  in  the  fcale. 

Turns. 

Product. 

1 

O lb. 

108  — 

— O 

2 

6 

85  - 

5IQ 

3 

6|  

8 r 

— 526  i 

4 

7 

78  - 

5+6 

5 

7* 

n 

— maxim™ 

6 

8 

6y  - 

— 520 

7 

9 

- 0 — 

— 0 

* In  all  the  following  experiments  the  angle  of  the  fails  is  ac- 
counted from  the  plain  of  their  motion  ; that  is,  when  they  ftand 
at  right  angles  to  the  axis,  their  angle  is  denoted  o°,  this  notation 
being  agreeable  to  the  language  of  practitioners,  who  call  the  angle 
fo  denoted,  the  weather  of  the  fail  j which  they  denominate  greater 
tar  lefs,  according  to  the  quantity  of  this  angle. 

N B . 
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N.  B.  The  weight  of  the  fcale  and  pulley  was  3 oz.; 
and  that  1 oz.  fufpended  upon  one  of  the  radii,  at 
12  i iches  from  the  center  of  the  axis,  juft  over- 
came the  fricftion  fcale  and  load  of  7 \ lb. ; and 
placed  at  14  inches,  overcame  the  fame  reftft- 
ances  with  9 lb.  in  the  fcale. 

Reduction  of  the  preceding  Specimen. 

N°.  5.  being  taken  for  the  maximum,  the  weight 
in  the  fcale  was  7 lb.  8oz.  which,  with  the  weight  of 
the  fcale  and  pulley  3 oz.  makes  7 lb.  1 1 oz.  equal  to 
1 23  oz.;  this  added  to  the  fri&ion  of  the  machinery, 
the  fum  is  the  whole  reftftance  *.  The  fri&ion  of 
the  machinery  is  thus  deduced  : Since  20  turns  of 
the  fails  raifed  the  weight  1 1,3  inches,  with  a double 
line,  the  radius  of  the  cylinder  will  be  .18  of  an 
inch ; but  had  the  weight  been  raifed  by  a fingle 
line,  the  radius  of  the  cylinder  being  half  the  former, 
viz.  .09,  the  reftftance  would  have  been  the  fame : 
we  ftiall  therefore  have  this  analogy;  as  half  the 
radius  of  the  cylinder,  is  to  the  length  of  the 
arm  where  the  fmall  weight  was  applied ; fo  is  the 
weight  applied  to  the  arm,  to  a fourth  weight,  which 
is  equivalent  to  the  fum  of  the  whole  reftftance  to- 
gether; that  is,  .09  : 12,5  : : 1 oz.  : 1390Z.:  this 
exceeds  1 2 3 oz.  the  weight  in  the  fcale,  by  1 6 oz.  or 
1 lb.  which  is  equivalent  to  the  fri&ion  ; and  which, 
added  to  the  above  weight  of  7 lb.  1 1 oz.  makes 
8 lb.  11  oz.  = 8,69  lb.  for  the  fum  of  the  whole  re- 


* The  reftftance  of  the  air  is  not  taken  into  the  account  of 
reftftance,  bccaufe  It  is  infeparable  from  the  application  of  the 
power. 

8 ftftance ; 
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fiftance  ; and  this,  multiplied  by  73  turns,  makes  a 
product  of  634,  which  may  be  called  the  reprefenta- 
tive  of  the  effeff  produced. 

In  like  manner,  if  the  weight  9 lb.  which  caufed 
the  fails  to  reft  after  being  in  motion,  be  augmented 
by  the  weight  of  the  fcale  and  its  relative  fridtion,  it 
will  become  10,371b.  The  refult  of  this  fpecimen 
is  fet  down  in  N°.  12.  of  Table  III.  and  the  refult  * 
of  every  other  fett  of  experiments  therein  contained 
were  made  and  reduced  in  the  fame  manner* 


<1 


Table 
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Table  III.  Containing  'Nineteen  Setts  of  Experiments  on  Windmill-Sails 
of  various  Struclures}  Pojitions , and  Quantities  of  Surfaces. 


The  kind  of  fails 
made  ufe  of. 

0 * 

z 

Angle  at  the 
extremities. 

j Created  angle. 

Turns  of  the 
fails  unloaded. 

Turns  of  ditto 
at  the  maxim"1. 

1 Load  at  the 
maximum. 

l 

Created  load. 

Produdl. 

Quantity  of 
furface. 

Ratio  of  greateft  ve- 
[ locity  to  the  velocity 
| at  a maximum. 

Ratio  of  greateft 
load  to  the  load  at 
maximum. 

Ratio  of  furface 
to  the  produdl. 

Plain  fails  at  an  C 

0 

O 

lb. 

lb. 

Sy.  In 

angle  of  550.  ( 

1 

35 

35 

66 

42 

7>5& 

12,59 

318 

404 

10:7 

10:6 

10:7,9 

Plain  fails  weather’d  C 

2 

1 2 

1 2 

70 

6>3 

7,56 

44 1 

404 

10 : 8,3 

10 : 10,1 

according  to  the< 

3 

*5 

1 £ 

io5 

69 

6,72 

8,i  2 

464 

404 

1 0 : 6,6 

10:8,3 

10:  10,15 

common  practice.  £ 

4 

18 

1 8 

96 

66 

7.o 

9.81 

462 

404 

10:  7, 

10:7,1 

10:  ro,i5 

Weathered  accord-  C 

5 

9 

z6[ 

66 

7.o 

462 

404 

10 : 1 1,4 

ing  to  Maclauririt  s 

6 

1 2 

29 

7°i 

7.35 

518 

404 

10:  12,8 

theorem.  £ 

7 

*5 

322 

631 

8,3 

527 

404 

10:  13, 

~r 

8 

0 

*5 

1 20 

93 

4-75 

5.31 

442 

404 

10:7,7 

10 : 8,9 

10:11, 

Sails  weathered  in  1 

9 

3 

18 

120 

79 

7,o 

8. >2 

553 

404 

10:6,6 

io:  8,6 

0:13,7 

the  Dutch  man-  J 

10 

5 

20 

78 

7.5 

8,12 

585 

4°4 

10 : 9,2 

io;  14,5 

ner,  tried  in  va- j 

1 1 

7i 

2 2 1 

113 

77 

8,3 

9,81 

639 

404 

10 : 6,8 

to  :8,5 

10:  15,8 

rious  pofitions. 

1 2 

10 

25 

108 

73 

8,69 

10,37 

634 

404 

10 : 6,8 

10 : 8,4 

10:  15,7 

L 

*3 

1 2 

27 

100 

66 

8,41 

10,94 

580 

404 

10 : 6,6 

10:7,7 

IO : 14,4 

Sails  weathered  in  f 

the  Dutch  manner,  \ 

14 

7z 

22l 

123 

75 

10,65 

12,59 

799 

5°5 

1 0 : 6, 1 

10:  8,5 

'0  : 1 5,8 

1 5 

10 

25 

1 17 

74 

1 1,08 

13,69 

820 

5°5 

10:6,3 

10:8,1 

IO  : 16,2 

wards  the  extremi-  / 

16 

1 2 

27 

« *4 

66 

1 2,09 

*4,231 

799 

505 

10:5,8 

10 : 8,4 

10:15,8 

ties.  L 

'7 

*5 

30 

96 

63 

1 2,09 

14,78 

762 

5°5 

10 : 6,6 

10  :8,2 

IO : 15,1 

8 fails  being  feftors  f 
nf  ellipje  1 in  their  < 

18 

1 2 

22 

105 

64i 

16,42 

Ni  | 

OO 

^3  | 

1059 

854 

10 : 6, 1 

10:5,9 

IO : I 2,4 

bell  pofitions.  £ 

*9 

1 2 

22 

99 

64i 

1 8,06 

1165 

1 146 

10:5,9 

I O : 1 0, 1 

1. 

2. 

3- 

4- 

5- 

6. 

7- 

8. 

9- 

IO.  j 

1 1. 

I 2. 

Obfervations 


[ H5  3 

Obfervations  and  Deductions  from  the  preceding 

Experiments. 

I.  Concerning  the  bejl  Form  and  Poftion  of  Wind- 
mill-Sails. 

In  Table  III.  N°.  i.  is  contained  the  refult  of  a 
fett  of  experiments  upon  fails  fet  at  the  angle  which 
the  celebrated  Monf.  Parint,  and  fucceeding  geome- 
tricians for  many  years,  held  to  be  the  bed  ; viz. 
thofe  whofe  planes  make  an  angle  nearly  with 
the  axis ; the  complement  whereof,  or  angle  that  the 
plane  of  the  fail  makes  with  the  plane  of  their  mo- 
tion, will  therefore  be  350,  as  fet  down  in  col.  2.  and 
3.  Now  if  we  multiply  their  number  of  turns  by 
the  weight  they  lifted,  when  working  to  the  greated 
advantage,  as  fet  down  in  Columns  j.  and  6.  and 
compare  this  produdt  (col.  8.)  with  the  other  pro- 
ducts contained  in  the  fame  column,  indead  of  being 
the  greatelf,  it  turns  out  the  lead:  of  all  the  red. 
But  if  we  fet  the  angle  of  the  fame  planes  at  fome- 
what  lefs  than  half  the  former,  or  at  any  angle  from. 
1 50  to  180,  as  in  N°.  3.  and  4.  that  is,  from  yz°  to 
yf  with  the  axis,  the  product  will  be  increafed  in 
the  ratio  of  3 1 : 47 ; and  this  is  the  angle  mod  com- 
monly made  ufe  of  by  pra&itioners,  when  the  fur- 
faces  of  the  fails  are  planes. 

If  nothing  more  was  intended  than  to  determine  the 
mod  efficacious  angle  to  make  a mill  acquire  motion 
from  a date  of  red,  or  to  prevent  it  from  paffing  into 
red  from  a date  of  motion,  we  diall  find  the  pofition 
of  N°.  1.  the  bed  ; for  if  we  confult  col.  7.  which 
contains  the  lead  weights,  that  would  make  the  fails 
pafs  from  motion  to  red,  we  diall  find  that  of  N°.  1. 

V o l.  LI.  U (relative 
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(relative  to  the  quantity  of  cloth)  the  greatefl:  of  all. 
But  if  the  fails  are  intended,  with  given  dimenfions, 
to  produce  the  greatefl  effect  poflible  in  a given  time, 
we  muff  intirely  rejetfl  thofe  of  N°.  i.  and,  if  we 
are  confined,  to  the  ufe  of'  planes , conform  ourfelves  to 
fiome  angle  between  N°.  3.  and  4.  that  isy  not  lejs  than 
y2°,  or  greater  than  75°,  with  the  axis. 

The  late  celebrated  Mr.  Maclaurin  has  judicioufly 
diflinguifhed  between  the  adtion  of  the  wind  upon  a 
fail  at  reft,  and  a fail  in  motion ; and,  in  confequence, 
as  the  motion  is  more  rapid  near  the  extremities  than 
towards  the  center,  that  the  angle  of  the  different 
parts  of  the  fail,  as  they  recede  from  the  center, 
fhould  be  varied.  For  this  purpofe  he  has  furnifhed  us 
with  the  following  theorem  *.  ‘c  Suppofe  the  velocity 
<c  of  the  wind  to  be  reprefented  by  a , and  the  velo- 
“ city  of  any  given  part  of  the  fail  to  be  denoted  by 
“ c ; then  the  effort  of  the  wind  upon  that  part  of 
“ the  fail  will  be  greatefl;  when  the  tangent  of  the 
“ angle,  in  which  the  wind  flrikes  it,  is  to  radius  as 

“ / 2 -j-  11  to  1.”  This  theorem  then  af- 

flgns  the  law,  by  which  the  angle  is  to  be  varied  ac- 
cording to  the  velocity  of  each  part  of  the  fail  to  the 
wind  : but  as  it  is  left  undetermined  what  velocity 
any  one  given  part  of  the  fail  ought  to  have  in  refpedt 
to  the  wind,  the  angle  that  any  one  part  of  the  fail 
ought  to  have,  is  left  undetermined  alfo  ; fo  that  we 
are  flill  at  a lofs  for  the  proper  data  to  apply  the  theo- 
rem. However,  being  willing  to  avail  myfelf  thereof, 
and  confidering  that  any  angle  from  150  to  180  was 
belt  fuited  to  a plane,  and  of  confequence  the  beft 

* Maclaurin’s  account  of  Sir  Ifaac  Newton’s  philofophical  dif- 
coveries,  p.  176,  art.  29. 


mean 
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mean  angle,  I made  the  fail,  at  the  middle  diftance 
between  the  center  and  the  extremity,  to  hand  at  an 
angle  of  iy°  41'  with  the  plane  of  the  motion;  in 
which  cafe  the  velocity  of  that  part  of  the  fail,  when 
loaded  to  a maximum , would  be  equal  to  that  of 
the  wind,  or  c = a.  This  being  determined,  the  reft 
were  inclined  according  to  the  theorem,  as  follows : 


Angle  with  Angle  of 

the  axis.  weather. 


Parts  of  the 
radius  from<: 
the  center. 


I - 


- c = ja  - - 6f  26'  - - 26°  34' 

- C ” <3  - - 69  54  - - 20  6 

- c — a - - 74  19--15  41  middle 

- c — 1 -77  20  - - 12  40 

- c—  iia  - 79  27  - - 10  33 

- c — 2a  - - Si  o — 9 o extremity. 


The  refult  hereof  was  according  to  N°.  y.  being 
nearly  the  fame  as  the  plane  fails,  in  their  beft  poli- 
tion  : but  being  turned  round  in  their  fockets,  fo  that 
every  part  of  each  fail  flood  at  an  angle  of  30,  and 
afterwards  of  6°,  greater  than  before,  that  is,  their 
extremities  being  moved  from  90  to  1 20  and  1 y°,  the 
products  were  advanced  to  yi8  and  527’  refpedtively. 
Now  from  the  fmall  difference  between  thofe  two 
products,  we  may  conclude,  that  they  were  nearly  in 
their  beft  pofttion,  according  to  N°.  7.  or  fome  angle 
between  that  and  N°.  6 : but  from  thefe,  as  well  as 
the  plane  fails  and  others,  we  may  alfo  conclude, 
that  a variation  in  the  angle  of  a degree  or  two 
makes  very  little  difference  in  the  effefl,  when  the 
angle  is  near  upon  the  beji. 

It  is  to  be  obferved,  that  a fail  inclined  by  the 
preceding  rule  will  expofe  a convex  furface  to  the 
wind  : whereas  the  Dutch,  and  all  our  modern 

U 2 mill- 
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mill-builders,  tho’  they  make  the  angle  to  diminifh, 
in  receding  from  the  center  towards  the  extremity, 
yet  condantly  do  it  in  fuch  manner,  as  that  the  fur- 
face  of  the  fail  may  be  concave  towards  the  wind. 
In  this  manner  the  fails  made  ufe  of  in  N°.  8,  9,  10, 
11,  12,  and  13.  were  condru&ed ; the  middle  of  the 
fail  making  an  angle  with  the  extreme  bar  of  1 2°; 
and  the  greated  angle  (which  was  about  of  the  ra- 
dius from  the  centre)  of  150  therewith.  Thofe  fails 
being  tried  in  various  politions,  the  bed:  appears  to 
be  that  of  N°.  11.  where  the  extremities  flood  at  an 
angle  of  y°k  with  the  plane  of  motion,  the  product 
being  635? : greater  than  that  of  thofe  made  by  the 
theorem  in  the  ratio  of  9:11,  and  double  to  that  of 
N°.i.;  and  this  was  the  greateft  product  that  could 
be  procured  without  an  augmentation  of  furface. 
Hence  it  appears,  that  when  the  wind  falls  upon  a 
concave  fur / ace , it  is  an  advantage  to  the  power  of 
the  whole , tho * every  part,  taken  feparately,  fould  not 
be  difpofed  to  the  befl  advantage  *. 

Having  thus  obtained  the  bed  pofition  of  the  fails, 
or  manner  of  weathering,  as  it  is  called  by  workmen, 
the  next  point  was  to  try  what  advantage  could  be 


* By  feveral  trials  in  large  I have  found  the  following  angles  to 
anfwer  as  well  as  any.  The  radius  is  fuppofed  to  be  divided  into 
6 parts  and  i-6th,  reckoning  from  the  center,  is  called  1,  the  ex- 
tremity being  denoted  6. 


N°. 

1 

2 

3 

4 

5 

6 


Angle  with 
the  axis. 

' 72°  - 


71 

72  ' 
74 
77  i 

83  ' 


Angle  with  the  plane 
. of  motion. 

— 180 

— 19 

18  middle. 

* - 1 6 


1 2 1 


extremity. 

mads 
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made  by  an  addition  of  furface  upon  the  fame  ra- 
dius. For  this  purpofe,  the  fails  made  ufe  of  had 
the  fame  weather  as  thofe  N°.  8.  to  13,  with  an 
addition  to  the  leading  fide  of  each  of  a triangular 
cloth,  whofe  height  was  equal  to  the  height  of  the 
fail,  and  whofe  bafe  was  equal  to  half  the  breadth  : 
of  confequence  the  increafe  of  furface  upon  the 
whole  was  one  fourth  part,  or  as  4 : y.  Thofe  fails, 
by  being  turned  round  in  their  fockets,  were  tried  in 
four  different  pofitions,  fpecified  in  N°.  14,  15,  16, 
and  17;  from  whence  it  appears,  that  the  bed;  was 
when  every  part  of  the  fail  made  a greater  angle  by 
2°  I,  with  the  plane  of  the  motion,  than  thofe  with- 
out the  addition,  as  appears  by  N°.  15.  the  product 
being  820  : this  exceeds  <$39  more  than  in  the  ratio 
of  4 : y,  or  that  of  the  increafe  of  cloth.  Hence 
it  appears,  that  a broader  fail  requires  a greater 
angle ; and  that  when  the  Jail  is  broader  at  the  ex- 
tremity, than  near  the  center , this  Jhape  is  more  ad- 
vantageous than  that  of  a parallelogram  *. 

Many  have  imagined,  that  the  more  fail,  the 
greater  the  advantage,  and  have  therefore  propoled 
to  fill  up  the  whole  area : and  by  making  each  fail 
a fedtor  of  an  ellipfis,  according  to  Monfieur  Parint, 
to  intercept  the  whole  cylinder  of  wind,  and  thereby 
to  produce  the  greated:  effedt  podible. 


* The  figure  and  proportion  of  the  enlarged  fails,  which  I have 
found  beft  to  anfwer  in  large,  are  reprefented  in  the  figure,  Plate  VI.. 
where  the  extreme  bar  is  i~3d  of  the  radius  (or  whip,  as  it  is  called 
by  the  workmen),  and  is  divided  by  the  whip  in  the  proportion 
of  3 to  5.  The  triangular  or  leading  fail  is  covered  with  board 
from  the  point  downwards  i*3d  of  its  height,  the  reft  with  cloth 
as  ufual.  The  angles  of  weather  in  the  preceding  note  are  beft 
for  the  enlarged  fails  alfo  ; for  in  pra&ice  it  is  found,  that  the  fails 
had  better  have  too  little  than  too  much  weather. 


We 
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We  have  therefore  proceeded  to  inquire,  how  far 
the  effeCt  could  be  increafed  by  a further  enlargement 
of  the  furface,  upon  the  fame  radius  of  which  N°. 
1 8 and  19  are  fpecimens.  The  furfaces  indeed  were, 
not  made  planes,  and  fet  at  an  angle  of  3 50,  as  Parint 
propofed  ; becaufe,  from  N°.  1.  we  learn,  that  this 
pofition  has  nothing  to  do,  when  we  intend  them  to 
work  to  the  greatefi  advantage.  We  therefore  gave 
them  fuch  an  angle  as  the  preceding  experiments  in- 
dicated for  fuch  fort  of  fails,  viz.  1 1°  at  the  ex- 
tremity, and  220  for  the  greateft  weather.  By  N°. 
18  we  have  the  produCt  1099,  greater  than  N°.  15. 
in  the  ratio  of  7 : 9 • but  then  the  augmentation  of 
cloth  is  almoft:  7:12.  By  N°.  19.  we  have  the  pro- 
duct 1167,  that  is  greater  than  N°.  17.  as  7:10; 
but  the  augmentation  of  cloth  is  nearly  as  7 : 16; 
confequently  had  the  fame  quantity  of  cloth  as  in 
N°.  18.  been  difpofed  in  a figure  fimilar  to  that  of 
N°.  15,  inftead  of  the  product  1079,  we  fhould 
have  had  the  produdt  1386;  and  in  N°.  19,  inftead 
of  the  product  1167,  we  fhould  have  had  a product 
of  i860;  as  will  be  further  made  appear  in  the 
courfe  of  the  following  deductions.  Hence  it  ap- 
pears, that  beyond  a certain  degree,  the  more  th<* 
area  is  crowded  with  fail,  the  lefs  effeCt  is  produced 
in  proportion  to  the  furface  : and  by  purfuing  the 
experiments  ftill  further,  I found,  that  tho’  in  N°. 
19.  the  furface  of  all  the  fails  together  were  not 
more  than  y-8ths  of  the  circular  area  containing 
them,  yet  a further  addition  rather  diminifhed  than 
increafed  the  effeCL  So  that  when  the  whole  cylinder 
of  wind  is  intercepted,  it  does  not  then  produce  the 
greatejl  eff'eft  for  want  of  proper  interfliccs  to  efcape. 

It 
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It  is  certainly  definable,  that  the  fails  of  windmills 
jfhould  be  as  fhort  as  poffible  j but  at  the  fame  time 
it  is  equally  definable,  that  the  quantity  of  cloth 
fhould  be  the  lead;  that  may  be,  to  avoid  damage  by 
fudden  fqualls  of  wind.  The  bed;  ftrudture,  there- 
fore, for  large  mills,  is  that  where  the  quantity  of 
cloth  is  the  greateft,  in  a given  circle,  that  can  be : 
on  this  condition,  that  the  effe<5t  holds  out  in  pro- 
portion to  the  quantity  of  cloth  j for  otherwife  the 
effedl  can  be  augmented  in  a given  degree  by  a leffer 
increafe  of  cloth  upon  a larger  radius,  than  would 
be  required,  if  the  cloth  was  increafed  upon  the  fame 
radius.  The  mod;  ufeful  figure  therefore  for  practice, 
is  that  of  N®.  9.  or  10.  as  has  been  experienced  upon 
feveral  mills  in  iarge. 
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TABLE  IV.  Containing  the  Refult  of  fix  Setts  of  Experiments , made  for  deter- 
mining the  Difference  of  Effect,  acc  ording  to  the  different  Velocity  of  the  Wind . 

N.  B,  The  fails  were  of  the  fame  fize  and  kind  as  thofe  of  N°  io,  n,  and  12,  Tab.  IV.  Continuance  of 

the  Experiment  one  minute. 
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II.  Concerning  the  ratio  between  the  velotity  of 
windmill  fails  unloaded,  and  their  velocity  when 
loaded  to  a maximum . 

Thofe  ratio’s,  as  they  turned  out  in  experiments 
upon  different  kinds  of  fails,  and  with  different  in- 
clinations (the  velocity  of  the  wind  being  the  fame) 
are  contained  in  column  io  of  tab.  III.  where  the 
extremes  differ  from  the  ratio  of  io  : 7,7  to  that  of 
10  : 5,8  j but  the  mofl  general  ratio  of  the  whole  will 
be  nearly  as  3 : 2.  This  ratio  alfo  agrees  fufficiently 
near  with  experiments  where  the  velocity  of  the  wind 
was  different,  as  in  thofe  contained  in  tab.  IV.  col.  13. 
in  which  the  ratio’s  differ  from  10  : 6,9  to  that  of 
10  : f,p.  However,  it  appears  in  general,  that  where 
the  power  is  greater,  whether  by  an  enlargement  of 
furface,  or  a greater  velocity  of  the  wind,  that  the 
fecond  term  of  the  ratio  is  lefs. 

III.  Concerning  the  ratio  between  the  greateft  load 
that  the  fails  will  bear  without  flopping , or  what 
is  nearly  the  fame  things  between  the  leaf  load 
that  will  flop  the  fails , and  the  load  at  the  maxi- 
mum. 

Thofe  ratio’s  for  different  kinds  of  fails  and  in- 
clinations, are  collected  in  col.  1 1.  tab.  III.  where  the 
extremes  differ  from  the  ratio  of  10:6  to  that  of 
10  : 9,2;  but  taking  in  thofe  fetts  of  experiments 
only.,  where  the  fails  refpedtively  anfwered  beff,  the 
ratios  will  be  confined  between  that  of  10  :8  and  of 
10:9;  and  at  a medium  about  10 : 8,3  or  of  6 : f . 
This  ratio  alfo  agrees  nearly  with  thofe  in  col.  1 4 of 
tab.  IV.  However  it  appears,  upon  the  whole,  that 
in  thofe  inftances,  where  the  angle  of  the  fails  or 
Vol.  LI.  X quan* 
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quantity  of  cloth  were  greateft,  that  the  fecond  term- 
of  the  ratio  was  lefs. 

f • n » * " * * . '•*  Ml..,. 

IV.  Concerning  the  effects  of  fails , according  to 
the  different  velocity  of  the  wind. 

Maxim  i.  The  velocity  of  windmill  fails , whe- 
ther unloaded , or  loaded  Jo  as  to  -produce  a maximum , 
is  nearly  as  the  velocity  of  the  wind , their  fiape 
and  peftion  being  the  J'ame. 

This  appears  by  comparing  together  the  refpe&ive 
numbers  of  columns  4 and  5,  tab.  IV.  wherein  thofe 
of  numbers  2,  4,  and  6,  ought  to  be  double  of  num- 
bers 1,  3,  and  y : but  as  the  deviation  is  no- where 
greater  than  what  may  be  imputed  to  the  inaccuracy 
of  the  experiments  the  mle  Ives,  and  hold  good  exact- 
ly in  numbers  3 and  4 ; which  lefts  were  deduced 
from  the  medium  of  a number  of  experiments,  care- 
fully repeated  the  fame  day,  and  on  that  account  are 
molt  to  be  depended  upon  j we  may  therefore  con- 
clude the  maxim  true. 

Maxim  2.  The  load  at  the  maximum  is  nearly^ 
but  fomewhat  lefs  than , as  the  / quare  of  the  velocity 
cj  the  windy  the  fiape  and  poftion  of  the  fails  be- 
ing the  J'ame. 

This  appears  by  comparing  together  the  numbers 
in  col.  6.  tab.  IV.  wherein  thofe  of  numbers  a,  4, 
and  6 (as  the  velocity  is  double),  ought  to  be  qua- 
druple of  thofe  of  numbers  1,  3,  and  5 j inftead  of 
which  they  fall  fhort,  number  2 by  fj,  number  4 
by  tVj  and  number  6 by  part  of  the  whole. 
The  greateft  of  thofe  deviations  is  not  more  confi- 
derable  than  might  be  imputed  to  the  unavoidable 

errors 
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errors  in  making  the  experiments : but  as  thofe 
experiments,  as  well  as  thofe  of  the  greateft  load,  all 
deviate  the  fame  way ; and  alfo  coincide  with  fome 
experiments  communicated  to  me  by  Mr.  Roufe 
upon  the  refiftance  of  planes ; I am  led  to  fuppofe  a 
fmall  deviation,  whereby  the  load  falls  fhort  of  the 
fquares  of  the  velocity  ; and  fince  the  experiments 
No  3 and  4.  are  mod:  to  be  depended  upon,  we 
‘mud:  conclude,  that  when  the  velocity  is  double,  the 
load  falls  diort  of  its  due  proportion  by  T~,  or,  for 
the  fake  of  a round  number,  by  about  part  of  the 
whole. 

Maxim  3d.  The  effects  of  the  fame  fails  at  a maxi- 
mum are  nearly , but  fomewhat  lej's  than , as  the 
cubes  of  the  velocity  of  the  wind. 

It  has  already  been  proved,  Maxim  id:,  that  the 
velocity  of  fails  at  the  maximum , is  nearly  as  the  ve- 
locity of  the  wind  ; and  by  Maxim  2d,  that  the  load 
at  the  maximum  is  nearly  as  the  fquare  of  the  fame 
velocity : if  thofe  two  maximums  would  hold  pre- 
cifely,  it  would  be  a confequence  that  the  effedt 
would  be  in  a triplicate  ratio  thereof:  how  this 
agrees  with  experiment  will  appear  by  comparing 
together  the  products  in  col.  8.  of  tab.  4.  wherein 
thofe  of  N°  2.  4.  and  6.  (the  velocity  of  the  wind 
being  double)  ought  to  be  o&uple  of  thofe  of  N«  1. 
3 . and  5.  indead  of  which  they  fall  diort,  N°  2.  by  y 
No  4.  by  Vo,  and  No  6.  by  ~ part  of  the  whole. 
Now,  if  we  rely  on  No  3.  and  4.  as  the  turns  of  the 
fails  are  as  the  velocity  of  the  wind ; and  dnee  the 
load  of  the  maximum  falls  diort  of  the  fquare  of  the 
velocity  by  about  -3  part  of  the  whole : the  produdt 

X 2 made 


made  by  the  multiplication  of  the  turns  into  the  load, 
muft  alfo  fall  fhort  of  the  triplicate  ratio  by  about  -1- 
part  of  the  whole  product. 

Maxim  4th.  *Ihe  load  of  the  fame  fails  at  the  maxi- 
mum is  nearly  as  the  fquares , and  their  effeSl  as  the 
cubes } of  their  number  of  turns  in  a given  time * 

This  maxim  may  be  efteemed  a confequence  of 
the  three  preceding  ; for  if  the  turns  of  the  fails  are 
as  the  velocity  of  the  wind,,  whatever  quantities  are 
in  any  given  ratio  of  the  velocity  of  the  wind*  will, 
be  in  the  fame  given  ratio  of  the  turns  of  the  fails : 
and  therefore,  if  the  load  at  the  maximum  is  as  the 
fquare,  or  the  effedt  as  the  cube,  of  the  velocity  of 
the  wind,  wanting  --  part  when  the  velocity  is 
double  ; the  load  at  the  maximum  will  alfo  be  as  the 
fquare,  and  the  eftedt  as  the  cube,  of  the  number  of 
turns  of  the  fails  in  a given  time,  wanting  in  like 
manner  -Po  part  when  the  number  of  turns  are  double 
in  the  fame  time.  In  the  prefent  cafe,  if  we  com- 
pare the  loads  at  the  maximum  col.  6.  with  the 
fquares  of  the  number  of  turns  col.  y.  of  N°  1 and  2. 
y and  6.  or  the  products  of  the  fame  numbers  col.  8. 
with  the  cubes  of  the  number  of  turns  col.  y.  inftead 
of  falling  fhort,  as  N°  3 and  4.  they  exceed  thofe 
ratios  : but  as  the  fetts  of  experiments  N°  1 and  2. 
y and  6.  are  not  to  be  efteemed  of  equal  authority 
with  thofe  of  N°  3 and  4.  we  muft  not  rely  upon 
them  further  than  to  obferve,  that  in  comparing  the 
grofs  ef'etts  of  large  machines^  the  direct  proportion 
oj  the  fquares  and  cubes  refpettively>  will  hold  as  near 
as  the  effefts  themfelves  can  be  cbferved  5 and  there- 
fore 
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fore  be  fufficient  for  practical  eflimation,  without  any 
allowance. 

Maxim  jtfu  When  fails  are  loaded fo  as  to  produce 
a maximum  at  a given  velocity , and  the  velocity  of 
the  wind  i?icreafesi  the  load  continuing  the  fame ; 

J ftly,  Tdhe  increafe  of  effedl , when  the  increafe  of  the 
velocity  of  the  wind  is  fmall,  will  he  nearly  as  the 
fquares  of  t ho fe  velocities : idly , When  the  velocity  of 
the  wind  is  double,  the  ejfedls  will  be  nearly  as  io : ij\: 
But , 3 dly,  When  the  velocities  compared , are  more 
than  double  of  that  where  the  given  load  produces  a 
maximum , the  effects  increafe  nearly  in  a Jimple  ratio 
of  the  velocity  of  the.  wind. 

It  has  already  been  proved,  maxim  i ft  and  2d,, 
that  when  the  velocity  of  the  wind  is  increafed,  the 
turns  of  the  fails  will  increafe  in  the  fame  proportion, 
even  when  oppofed  by  a load  as  the  fquare  of  the  ve- 
locity j and  therefore  if  wanting  the  oppofition  of  an 
increafe  of  load,  as  the  fquare  of  the  velocity,  the 
turns  of  the  fails  will  again  be  increafed  in  a fimple 
ratio  of  the  velocity  of  the  wind  on  that  account  alfo 
that  is,  the  load  continuing  the  fame,  the  turns  of  the 
fails  in  a given  time  will  be  as  the  fquare  of  the  ve- 
locity of  the  wind  ; and  the  effect,  being  in  this  cafe 
as  the  turns  of  the  fails,  will  be  as  the  fquare  of  the 
velocity  of  the  wind  alfo  $ but  this  muft  be  under- 
flood only  of  the  firft  increments  of  the  velocity  of 
the  wind : for, 

2dly,  As  the  fails  will  never  acquire  above  a given 
velocity  in  relation  to  the  wind,  tho’  the  load  was 
diminifhed  to  nothing  5 when  the  load  continues  the 

fame 
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fame,  the  more  the  velocity  of  the  wind  increafes 
^tho’  the  effed  will  continue  to  increafe)  yet  the 
more  it  will  fall  fliort  of  the  fquare  of  the  velocity  of 
the  wind ; fo  that  when  the  velocity  of  the  wind  is 
double,  the  increafe  of  effed,  inftead  of  being  as 
X : 4,  according  to  the  fquares,  it  turns  out  as  10 : 27-5-, 
as  thus  appears.  In  tab.  4.  col.  p.  the  loads  of  N°  2, 
4,  and  6.  are  the  fame  as  the  maximum  loads  in 
col.  6.  of  No  1,  3,  and  y.  The  number  of  turns  of 
the  fails  with  thofe  loads,  when  the  velocity  of  the 
wind  is  double,  are  fet  down  in  col.  10.  and  the  pro- 
duds  of  their  multiplification  in  col.  1 1 : thofe  being 
compared  with  the  produds  of  N°  1,  3,  and  5.  col. 
8.  furnifh  the  ratios  fet  down  in  col.  12.  which  at  a 
medium  (due  regard  being  had  to  N°  3 and  4.)  will 
be  nearly  as  10:  274.  3 dly.  The  load  continuing  the 
fame,  grows  more  and  more  inconfiderable,  refped- 
ing  the  power  of  the  wind  as  it  increafes  in  velocity; 
fo  that  the  turns  of  the  fails  grow  nearer  and  nearer  a 
coincidence  with  their  turns  unloaded ; that  is,  nearer 
and  nearer  to  the  fimple  ratio  of  the  velocity  of  the 
wind.  When  the  velocity  of  the  wind  is  double, 
the  turns  of  the  fails,  when  loaded  to  a maximum, 
will  be  double  alfo ; but,  unloaded , will  be  no  more 
than  triple,  by  deduction  2d:  and  therefore  the  pro- 
dud:  could  not  have  increafed  beyond  the  ratio  of 
10:30  (inftead  of  10:27^)  even  fuppofing  the  fails 
not  to  have  been  retarded  at  all  by  carrying  the  maxi- 
mum load  for  the  half  velocity.  Hence  we  fee,  that 
when  the  velocity  of  the  wind  exceeds  the  double  of 
that,  where  a conftant  load  produces  a maximum, 
that  the  increafe  of  effed,  which  follows  the  increafe 
of  the  velocity  of  the  fails,  will  be  nearly  as  the  velo- 
city 


C 159  J 

city  of  the  wind,  and  ultimately  in  that  ratio  pre- 
eifely.  Hence  alfo  we  fee  that  windmills,  fuch  as 
the  different  fpecies  for  raifing  water  for  drainage, 
&c.  lofe  much  of  their  fulleffed,  when  ading  againft 
one  invariable  oppofition. 

V.  Concerning  the  effects  of  fails  of  different  magni- 
tudes, the  flrudlure  and  pofition  being  ffmilar , and 
the  velocity  of  the  wind  the  fame . 

Maxim  6.  In  fails  of  a fimilar  fgure  arid  pofition, 
the  number  of  turns  in  a given  time  will  be  recipro- 
cally as  the  radius  or  length  of  the  fail. 

The  extreme  bar  having  the  fame  inclination  to 
the  plain  of  its  motion,  and  to  the  wind ; its  velocity 
at  a maximum  will  always  be  in  a given  ratio  to  the 
velocity  of  the  wind  ; and  therefore,  whatever  be  the 
radius,  the  abfolute  velocity  of  the  extremity  of  the 
fail  will  be  the  fame : and  this  will  hold  good  re- 
fpeding  any  other  bar,  whofe  inclination  is  the  fame, 
at  a proportionable  diftance  from  the  center ; it  there- 
fore follows,  that  the  extremity  of  all  fimilar  fails, 
with  the  fame  wind,  will  have  the  fame  abfolute 
velocity ; and  therefore  take  a fpace  of  time  to  per- 
form one  revolution  in  proportion  to  the  radius ; or, 
which  is  the  fame  thing,  the  number  of  revolutions' 
in  the  fame  given  time,  will  be  reciprocally  as  the 
length  of  the  fail. 

Maxim  7.  The  load  at  a maximum  that  fails  of 
a fimilar  figure  and  pofition  will  overcome , at  a given 
diftance  from  the  center  of  mot ion , will  be  as  the  cube 
of  the  radius. 
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Geometry  informs  us,  that  in  fimilar  figures  the 
furfaces  are  as  the  fquares  of  their  fimilar  tides;  of 
confequence  the  quantity  of  cloth  will  be  as  the 
fquare  of  the  radius : alfo  in  fimilar  figures  and  por- 
tions, the  impulfe  of  the  wind,  upon  every  fimilar 
fedtion  of  the  cloth,  will  be  in  proportion  to  the  fur- 
face  of  that  fedtion;  and  confequently,  the  impulfe 
of  the  wind  upon  the  whole,  will  be  as  the  furface  of 
the  whole  : but  as  the  diftance  of  every  fimilar  fec- 
tion,  from  the  center  of  motion,,  will  be  as  the  ra- 
dius; the  diftance  of  the  center  of  power  of  the 
whole,  from  the  center  of  motion,  will  be  as  the  ra- 
dius alfo  ; that  is,  the  lever  by  which  the  power  adts, 
will  be  as  the  radius : as  therefore  the  impulfe -of  the 
wind,  refpedting  the  quantity  of  cloth,  is  as  the 
fquare  of  the  radius,  and  the  lever,  by  which  it  adts, 
as  the  radius  limply  ; it  follows,  that  the  load  which 
the  fails  will  overcome,  at  a given  diftance  from  the 
center,  will  be  as  the  cube  of  the  radius. 

Maxim  8.  fhe  ejfeSl  of  fails  of  fimilar  figure  and 
pofition , are  as  the  fquare  of  the  radius. 

By  maxim  6.  it  is  proved,  that  the  number  of  re- 
volutions made  in  a given  time,  are  as  the  radius  in- 
verfely.  Under  maxim  7.  it  appears,  that  the  length 
of  the  lever,  by  which  the  power  adts,  is  as  the  radius 
jdiredtly  ; therefore  thefe  equal  and  oppofite  ratios  de- 
ftroy  one  another  : but  as  in  fimilar  figures  the  quan- 
tity of  cloth  is  as  the  fquare  of  the  radius,  and  the 
adtion  of  the  wind  is  in  proportion  to  the  quantity  of 
cloth,  as  alfo  appears  under  maxim  7 ; it  follows  that 
•the  effedt  is  as  the  fquare  of  the  radius. 

Corol^ 
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Corol.  i.  Hence  it  follows,  that  augmenting  the 
length  of  the  fail,  without  augmenting  the  quantity 
of  cloth,  does  is  not  increafe  the  power ; becaufe 
what  is  gained  by  the  length  of  the  lever,  is  loft  by 
the  flownefs  of  the  rotation. 

Corol.  2.  If  fails  are  increafed  in  length,  the 
breadth  remaining  the  fame,  the  effedft  will  be  as  the 
radius. 

VI.  Concerning  the  velocity  of  the  extremities  of 
windmill  fails , in  refpeti  to  the  Velocity  of  the 
wind . 

Maxim  p.  The  velocity  of  the  extremities  of  Dutch 
fails,  as  well  as  of  the  enlarged  fails,  in  all  their  ufual 
pofitions  when  unloaded , or  even  loaded  to  a maximum , 
are  confderably  quicker  than  the  velocity  of  the 
wind. 

The  Dutch  fails  unloaded,  as  in  Tab.  3.  N°  8. 
made  120  revolutions  in  ya":  the  diameter  of  the 
fails  being  3 feet  6 inches,  the  velocity  of  their  ex- 
tremities will  be  25,4  feet  in  a fecond;  but  the  velo- 
city of  the  wind  producing  it,  being  6 feet  in  the 
fame  time,  we  jfhall  have  6 : 25,4: : 1 : 4,2  j in  this 
cafe  therefore,  the  velocity  of  their  extremities  was 
4,2  times  greater  than  that  of  the  wind.  In  like 
manner,  the  relative  velocity  of  the  wind,  to  the  ex- 
tremities of  the  fame  fails,  when  loaded  to  a maxi- 
mum, making  then  93  turns  in  52",  will  be  found  to 
be  as  1 : 3,3  j or  3,3  times  quicker  than  that  of  the 
wind. 
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The  following  table  contains  6 examples  of  Dutch 
fails,  and  4 examples  of  the  enlarged  fails,  in  differ- 
ent pofitions,  but  with  the  conftant  velocity  of  the 
wind  of  6 feet  in  a fecond,  from  table  3 : and  alfo 
6 examples  of  Dutch  fails  in  different  pofitions,  with 
different  velocities  of  the  wind,  from  table  4. 

Tael  e V.  containing  the  ratio  of  the  velocity  of  the 
extremities  of  windmill  Jails  to  the  velocity  oj  the 
wind. 


' N° 

N°  of  Tab. 

Ill  and  IV. 

Angle  at  the 
Extremity. 

Velocity  of 
the  wind  in  a 
fecond. 

Ratio  of  the  velocity 
of  the  wind  and  ex- 
tremities of  the  fails0 

unloaded. 

loaded. 

1 

8 

0° 

6Foia 

1 : 4,  2 

r : 3,3 

2 

9 

3 

6 0 

1 : 4,2 

1 : 2,8 

3 

10 

5 

6 0 

. — — , — 

1 : 2,75 

*—5 
►— < 

4 

1 1 

n 

6 0 

1 : 4, 

1 : 2,7 

O 

5 

1 2 

10 

6 0 

1 = 3,8 

1 : 2,6 

_o 

6 

J3 

1 2 

6 0 

1 :3,5 

1 ••  2,3 

H 

E 

7 

1 4 

7t 

6 0 

1 : 4,3 

1 : 2,6 

0 

8 

!5 

10 

6 0 

1 : 4,1 

1 : 2,6 

£ 

9 

16 

1 2 

6 0 

1 : 4, 

r : 2,3 

10 

l7 

*5 

6 0 

1 : 3,35 

1 : 2,2 

1 1 

1 

5 

4 4f 

1 : 4, 

i 2,8 

> 

i 2 

2 

5 

8 9 

1 : 4,3 

1 2,6 

HH- 

• 

*3 

3 

7* 

4 4i 

— — . — 

1:2,8 

- Lj 

14 

4 

/ i 

8 9 

— . — — 

1 : 2,7 

1 5 

5 

10 

4 4? 

1 : 3,8 

1 2,6 

E 

0 

16 

6 

IO 

! 

8 9 

1 : 3,4 

1:23 

1-. 

U4 

1 

■ 1 

2 

3 

4 

5 

6 

It 
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It  appears  from  the  preceding  collection  of  ex- 
amples, that  when  the  extremities  of  the  Dutch  fails 
are  parallel  to  the  plane  of  motion,  or  at  right  angles 
to  the  wind,  and  to  the  axis,  as  they  are  made  accord- 
ing to  the  common  practice  in  England , that  their 
velocity,  unloaded,  is  above  4 times,  and  loaded  to 
a maximum , above  3 times  greater  than  that  of  the 
wind  : but  that  when  the  Dutch  fails,  or  enlarged 
fails,  are  in  their  belt  pofitions,  their  velocity  un- 
loaded is  4 times,  and  loaded  to  a maximum , at  a 
medium  the  Dutch  fails  are  2,7,  and  the  enlarged 
fails  2,6  times  greater  than  the  velocity  of  the  wind. 
Hence  we  are  furnifhed  with  a method  of  knowing 
the  velocity  of  the  wind,  from  obferving  the  velocity 
of  the  windmill  fails  j for  knowing  the  radius,  and 
the  number  of  turns  in  a minute,  we  fhall  have  the 
velocity  of  the  extremities ; which,  divided  by  the 
following  divifors,  will  give  the  velocity  of  the 
wind. 


Dutch  fails  in  their  common  pofition I 4-2 

Dutch  fails  in  their  belt  pofition  — 5^  uHlo.td^d  4.0 

r [loaded  — 2.7 

Enlarged  fails  in  their  bed;  pofition  { loaded ' ^ 26 

From  the  above  divifors  there  arifes  the  following; 
compendiums ; fuppofing  the  radius  to  be  30  feet, 
which  is  the  mod;  ufual  length  in  this  country,  and 
the  mill  to  be  loaded  to  a maximum , as  is  ufually  the 
cafe  with  corn  mills  ; for  every  3 turns  in  a minute , 
of  the  Dutch  fails  in  their  common  pofition , the  wind 
will  move  at  the  rate  of  2 miles  an  hour  ; for  every 
y turns  in  a minute , of  the  Dutch  fails  in  their  be  ft 

Y 2 pofition , 
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pojition,  the  \ wind  moves  4 miles  an  hour ; and  for 
every  6 turns  in  a minute , <?/"  the  e?ilarged  fails  in 
their  beft  pofition , the  wind  will  move  5 <37; 

hour. 

The  following  table,  which  was  communicated 
to  me  by  my  friend  Mr.  Roufe,  and  which  appears  to 
have  been  conftrudted  with  great  care,  from  a con- 
fiderable  number  of  fadts  and  experiments,  and  which 
having  relation  to  the  fubjedt  of  this  article ; I here 
infert  it  as  he  fent  it  to  me : but  at  the  fame  time  mud; 
obferve,  that  the  evidence  for  thofe  numbers  wdiere 
the  velocity  of  the  wind  exxeeds  50  miles  an  hour, 
do  not  feem  of  equal  authority  with  thofe  of  50  miles 
an  hour  and  under.  It  is  alfo  to  be  obferved,  that 
the  numbers  in  col.  3.  are  calculated  according  to  the 
fquare  of  the  velocity  of  the  wind,  which,  in  mode- 
rate velocities,  from  what  has  been  before  obferved, 
will  hold  very  nearly. 


\ 
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Table  VI.  containing  the  velocity  and  force  of 
windy  according  to  their  common  appellations . 


Velocity  of 
the  Wind. 

<D  C 
U co 

£ si 

Miles  in  one 
Hour. 

Feet  in  one 
fecond. 

Perpendicular 
on  one  foot  aj 
pounds  averdu 

Common  appellations  of  the  force  of  winds. 

1 

2 

3 

4 

5 

10 

15 

20 

25 

3° 

35 

40 

45 

50 

60 

80 

100 

i,4  7 
2,93 
4,40 
5,87 

7,33 

14.67 

22.00 

29.34 

36.67 

44.01 

51.34 

58.68 

66.01 

73.35 

88.02 

117,36 

146,70 

,005 

,020 

,044 

,079 

,123 

,492 

1,107 

1,968 

3,075 

4,429 

6,027 

7,873 

9,963 

12,300 

1 7,7  J5 
3M9° 
49,200 

Hardly  perceptible. 

^ Juft  perceptible. 

| Gentle  pleafant  wind. 

j-  Pleafant  brifk  gale. 

| Very  brifk. 

| High  winds. 

1 Very  high. 

A ftorm  or  tempeft. 

A great  ftorm. 

An  hurricane. 

An  hurircane  that  tears  up  trees,  carries 

hiiildinas  hefore  it.  Ar. 

1 

2 

3 

VII.  concerning  the  ahfolute  ejfe5l>  produced  by  a 
given  velocity  of  the  windy  upon  fails  of  a given 
magnitude  and  conjlrutdion. 

It  has  been  obferved  by  practitioners,  that  in  mills 
with  Dutch  fails  in  the  common  polition,  that  when 
they  make  about  13  turns  in  a minute,  they  then 

work 
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work  at  a mean  rate : that  is,  by  the  compendiums 
in  the  laft  article,  when  the  velocity  of  the  wind  is 
8-|  miles  an  hour,  or  1 2-f  feet  in  a fecond  ; which, 
in  common  phrafe,  would  be  called  afreJJ:  gale. 

The  experiments  fetdown  in  Tab.  IV.  N°  4.  were 
tried  with  a wind,  whofe  velocity  was  8 1 feet  in  a 
fecond  ; confequently  had  thofe  experiments  been 
tried  with  a wind,  whofe  velocity  was  123  feet  in  a 
fecond,  the  effect,  by  maxim  3d,  would  have  been 
3 times  greater;  becaufe  the  cube  of  i2jis  3 times 
greater  than  that  of  81. 

From  Tab.  IV.  N°4.  we  find,  that  the  fails,  when 
the  velocity  of  the  wind  was  81  feet  in  a fecond, 
made  1 30  revolutions  in  a minute,  with  a load  of 
17,25  ib.  From  the  meafures  of  the  machine,  pre- 
ceding the  fpecimen  of  a fett  of  experiments,  we 
find,  that  20  revolutions  of  the  fails  railed  the  fcale 
and  weight  11,3  inches:  130  revolutions  will  there- 
fore raife  the  fcale  73,45  inches,  which,  multiplied 
by  17,52  ib,  makes  a product  of  1287,  for  the  effed 
of  the  Dutch  fails  in  their  bell;  pofition ; that  is,  when 
the  velocity  of  the  wind  is  81  feet  in  a fecond  : this 
produd  therefore  multiplied  by  three,  will  give  3861 
for  the  effed  of  the  fame  fails,  when  the  velocity  of 
the  wind  is  1 2-|  feet  in  a fecond. 

Defaguliers  makes  the  utmofi:  power  of  a man, 
when  working  fo  as  to  be  able  to  hold  it  for  fome 
hours,  to  be  equal  to  that  of  raifing  an  hoglhead  of 
water  10  feet  high  in  a minute.  Now,  an  hoglhead 
confifiing  of  63  ale  gallons,  being  reduced  into 
pounds  averdupois,  and  the  height  into  inches  ; the 
produd  made  by  multiplying  thofe  two  numbers 
will  be  76800;  which  is  19  times  greater  than  the 

pro- 
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product  of  the  fails  laft-mentioned,  at  121.  feet  in  a 
fecond : therefore,  by  maxim  8th,  if  we  multiply 
the  fquare  root  of  19,  that  is  4,46,  by  21  inches, 
the  length  of  the  fail  producing  the  effedt  3 8(5 1 , we 
fhall  have  93,66  inches,  or  7 feet  94  inches  for  the 
radius  of  a Dutch  fail  in  its  bed:  podtion,.  whofe  mean 
power  (ball  be  equal  to  that  of  a man  : but  if  they  are 
in  their  common  podtion,  their  length  mufl  be  in- 
creafed  in  the  ratio  of  the  fquare  root  of  442  to  that 
of  6,9,  as  thus  appears;. 

The  ratio  of  the  maximum  products  of  N°  8 and 
11.  Tab.  III.  are  35442:639;  but  by  maxim  8, 
the  effects  of  fails  of  different  radii  are  as  the  fquare 
of  the  radii ; confequently  the  the  fquare  roots  of  the 
products  or  effects,  are  as  the  radii  limply  ; and 
therefore  as  the  fquare  root  of  442  is  to  that  of 
639  ; fo  is  93,66  to  112,66;  or  9 feet  44  inches. 

If  the  fails  are  of  the  enlarged  kind,  then  from 
Tab.  III.  N°  1 1 and  15.  we  ihall  have  the  fquare 
root  of  820  to  that  of  639:  .'93,66  : 82,8  inches,  or 
6 feet  ic|  inches : fo  that  in  round  numbers  we  Ihall 
have  the  radius  of  a fail,  of  a limilar  figure  to  their 
refpedtive  models,  whofe  mean  power  fhall  be  equal 
to  that  of  a man  ; 

The  Dutch  fails  in  their  common  pofition  pi  feet. 

The  Dutch  fails  in  their  bed:  poiition  8 

The  enlarged  fails  in  their  bed:  pofition  — 7 

Suppofe  now  the  radius  of  a fail  to  be  30  feet,  and 
to  be  conftrudted  upon  the  model  of  the  enlarged 
fails,  N°  14  or  15.  Tab.  III.  dividing  30  by  7 we,, 
ihall  have  4,28,  the  fquare  of  which  is  18,3  ; and 
this,  according  to  maxim  7,  will  be  the  relative 
3 power 


[ i68  ] 

power  of  a fail  of  30  feet,  to  one  of  7 feet ; that  is, 
when  working  at  a mean  rate,  the  30  feet  fail  will  be 
equal  to  the  power  of  18,3  men,  or  of  3-3-  horfes ; 
reckoning  5 men  to  a horfe : whereas  the  effeft  of 
the  common  Dutch  fails,  of  the  fame  length,  being 
lefs  in  the  proportion  of  820:44,2,  will  be  fcarce 
equal  to  the  power  of  1 o men,  or  of  2 horfes. 

That  thefe  computations  are  not  merely  fpecula- 
tive,  but  will  nearly  hold  good  when  applied  to 
works  in  large,  I have  had  an  opportunity  of  verify- 
ing : for  in  a mill  with  the  enlarged  fails  of  30  feet, 
applied  to  the  crushing  of  rape  feed,  by  means  of 
two  runners  upon  the  edge,  for  making  oil;  I ob- 
ferved,  that  when  the  fails  made  11  turns  in  a mi- 
nute, in  which  cafe  the  velocity  of  the  wind  was 
about  13  feet  in  a fecond,  according  to  article  6th, 
that  the  runners  then  made  7 turns  in  a minute  : 
whereas  2 horfes,  applied  to  the  fame  2 runners, 
fcarcely  worked  them  at  the  rate  of  3-  turns  in  the 
fame  time.  Laftly,  with  regard  to  the  real  fuperio- 
rity  of  the  enlarged  fails,  above  the  Dutch  fails  as 
commonly  made,  it  has  fufficiently  appeared,  not 
only  in  thofe  cafes  where  they  have  been  applied  to 
new  mills,  but  where  they  have  been  fubfiituted  in 
the  place  of  the  others. 

VIII.  Concerning  horizontal  windmills  and  water - 

wheels , with  oblique  vanes. 

Obfervations  upon  the  effects  of  common  wind- 
mills with  oblique  vanes,  have  led  many  to  imagine, 
that  could  the  vanes  be  brought  to  receive  the  direct 
impulfe,  like  a (hip  failing  before  the  wind,  it  would 

be 
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be  a very  great  improvement  in  point  of  power  : 
while  others  attending  to  the  extraordinary  and  even 
unexpected  effects  of  oblique  vanes,  have  been  led  to 
imagine,  that  oblique  vanes  applied  to  water-mills, 
would  as  much  exceed  the  common  water  wheels, 
as  the  vertical  windmills  are  found  to  have  exceeded 
all  attempts  towards  an  horizontal  one.  Both  thefe 
notions,  but  efpecially  the  firft,  have  fo  plaufible  an 
appearance,  that  of  late  years  there  has  feldom  been 
wanting  thofe,  who  have  affiduoufly  employed  them- 
felves  to  bring  to  bear  defigns  of  this  kind : it  may 
not  therefore  be  unacceptable  to  endeavour  to  fet  this 
matter  in  a clear  light. 

Plate  VI.  fig  2d.  Let  AB  be  the  fe&ion  of  a 
plain,  upon  which  let  the  wind  blow  in  the  direction 
C D,  with  fuch  a velocity  as  to  defcribe  a given  fpace 
B E,  in  a given  time  (fuppofe  1 fecond) ; and  let 
A B be  moved  parallel  to  itfelf,  in  the  direc- 
tion C D.  Now,  if  the  plane  AB  moves  with* the 
fame  velocity  as  the  wind ; that  is,  if  the  point  B 
moves  thro’  the  fpace  B E in  the  fame  time  that  a 
particle  of  air  would  move  thro’  the  fame  fpace ; it 
is  plain  that,  in  this  cafe,  there  can  be  no  preffure  or 
impulfe  of  the  wind  upon  the  plane  : but  if  the  plane 
moves  flower  than  the  wind,  in  the  fame  direction, 
fo  that  the  point  B may  move  to  F,  while  a particle 
of  air,  fetting  out  from  B at  the  fame  inflant,  would 
move  to  E,  then  B F will  exprefs  the  velocity  of  the 
; and  the  relative  velocity  of  the  wind  and  plane 
3e  expreffed  by  the  line  F E.  Let  the  ratio  o 
F E to  BE  be  given  (fuppofe  2 : 3.) ; let  the  line 
A B reprefent  the  impulfe  of  the  wind  upon  the  plane 
A B,  when  aCting  with  its  whole  velocity  BE  ; but, 
Vol.  LI.  Z * when 
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when  aCting  with  its  relative  velocity  F E,  let  its  im- 
pulfe be  denoted  by  fome  aliquot  part  of  A B,  as  for 
inilance  -JAB:  then  will  of  the  parallelogram  A F 
reprefent  the  mechanical  power  of  the  plane  5 that  is, 
| AB  x-j  B E. 

2dly,  Let  I N be  the  feCtion  of  a plane,  inclined 
in  fuch  a manner,  that  the  bafe  I K of  the  reCtangle 
triangle  1KN  may  be  equal  to  A B ; and  the  per- 
pendicular N K=B  E ; let  the  plane  IN  be  ftruck 
by  the  wind,  in  the  direction  L M,  perpendicular  to 
I K : then,  according  to  the  known  rules  of  oblique 
forces,  the  impulfe  of  the  wind  upon  the  plain  I N, 
tending  to  move  it  according  to  the  direction  L M,  or 
N K,  will  be  denoted  by  the  bafe  I K ; and  that 
part  of  the  impulfe,  tending  to  move  it  according  to 
the  direction  I K,  will  be  exprefled  by  the  perpendi- 
cular N K.  Let  the  plane  I N be  moveable  in  the 
direction  of  I K only;  that  is,  the  point  I in  the  di- 
rection of  I K,  and  the  point  N in  the  direction  N Q. 
parallel  thereto.  Now  it  is  evident,  that  if  the  point 
I moves  thro’  the  line  I K,  while  a particle  of  air, 
fetting  forwards  at  the  fame  time  from  the  point  N, 
moves  thro’  the  line  N K,  they  will  both  arrive  at  the 
point  K at  the  fame  time ; and  confequently,  in  this 
cafe  alfo,  there  can  be  no  preflure  or  impulfe  of  the 
particle  of  the  air  upon  the  plane  I N.  Now  let  I O 
be  to  I K as  B F to  B E 5 and  let  the  plane  I N move 
at  fuch  a rate,  that  the  point  I may  arrive  at  O,  and 
acquire  the  polition  I Q^in  the  fame  time  that  a par- 
ticle of  wind  would  move  thro’  the  fpace  N K : as 
OQJs  parallel  to  IN;  (by  the  properties  of  limilar 
triangles)  it  will  cut  N K in  the  point  P,  in  fuch  a 
manner,  that  N P=B  F,  and  P K=F  E ; hence  it 

appears. 


[ *7*  ] 

appears,  that  the  plane  I N,  by  acquiring  the  por- 
tion O (^withdraws  itfelf  from  the  aCtion  of  the 
wind,  by  the  fame  fpace  N P,  that  the  plane  A B 
does  by  acquiring  the  pofition  F G ; and  confequently, 
from  the  equality  of  P K to  F E,  the  relative  im- 
pulfe  of  the  wind  P K,  upon  the  plane  O Q,  will  be 
equal  to  the  relative  impulfe  of  the  wind  F E,  upon 
the  plane  F G : and  fince  the  impulfe  of  the  wind 
upon  A B,  with  the  relative  velocity  F E,  in  the  di- 
rection B E,  is  reprefented  by  -i  A B ; the  relative 
impulfe  of  the  wind  upon  the  plane  I N,  in  the  di- 
rection N K,  will  in  like  manner  be  reprefented  by 
■J  I K ; and  the  impulfe  of  the  wind  upon  the  plane 
I N,  with  the  relative  velocity  P K,  in  the  direction 
I K,  will  be  reprefented  by  -J  N K : and  confequently 
the  mechanical  power  of  the  plane  I N,  in  the  direc- 
tion I K,  will  be  -i  the  parallellogram  I Qj  that  is 
I K x N K : that  is,  from  the  equality  of  I K=A  B 
and  N K=B  E,  we  fhall  have  4 I ABx|BE 
=4  ABx^B  E=|  of  the  area  of  the  parallellogram 
A F.  Hence  we  deduce  this 

General  Proposition, 

'That  all  planes however  fituatedy  that  intercept 
the  fame  fetlion  of  the  wind,  and  having  the  fame  re- 
lative velocity,  in  regard  to  the  wind , when  reduced 
into  the  fame  direction,  have  equal  powers  to  produce 
mechanical  ejfefts. 

For  what  is  loft  by  the  obliquity  of  the  impulfe, 
is  gained  by  the  velocity  of  the  motion. 

Hence  it  appears,  that  an  oblique  fail  is  under  no 
difadvantage  in  refpeCt  of  power,  compared  with  a 
direCt  one  $ except  what  arifes  from  a diminution  of 
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its  breadth,  in  refpedt  to  the  fedtion  of  the  wind: 
the  breadth  I N being  by  obliquity  reduced  to  I K. 

The  difadvantage  of  horizontal  windmills  there- 
fore does  not  confift  in  this ; that  each  fail,  when 
directly  expofed  to  the  wind,  is  capable  of  a lefs 
power,  than  an  oblique  one  of  the  fame  dimenfions ; 
but  that  in  an  horizontal  windmill,  little  more  than 
one  fail  can  be  acting  at  once : whereas  in  the  com- 
mon windmill,  all  the  four  adt  together : and  there- 
fore, fuppofing  each  vane  of  an  horizontal  windmill, 
of  the  fame  dimenfions  as  each  vane  of  the  vertical, 
it  is  manifeft  the  power  of  a vertical  mill  with  four 
fails,  will  be  four  times  greater  than  the  power  of 
the  horizontal  one,  let  its  number  of  vanes  be  what  it 
will : this  difadvantage  arifes  from  the  nature  of  the 
thingj  but  if  we  conlider  the  further  difadvantage, 
that  arifes  from  the  difficulty  of  getting  the  fails  back 
again  againft  the  wind,  &c.  we  need  not  wonder  if 
this  kind  of  mill  is  in  reality  found  to  have  not  above 
7 or  -ro  of  the  power  of  the  common  fort  j as  has  ap- 
peared in  fome  attempts  of  this  kind. 

In  like  manner,  as  little  improvement  is  to  be  ex- 
pedted  from  water-mills  with  oblique  vanes : for  the 
power  of  the  fame  fedtion  of  a dream  of  water,  is 
not  greater  when  adting  upon  an  oblique  vane,  than 
when  adting  upon  a diredt  one : and  any  advantage 
that  can  be  made  by  intercepting  a greater  fedtion, 
which  fometimes  may  be  done  in  the  cafe  of  an  open 
river,  will  be  counterbalanced  by  the  fuperior  refift- 
ance,  that  fuch  vanes  would  meet  with  by  moving  at 
right  angles  to  the  current : whereas  the  common 
floats,  always  move  with  the  wrater  nearly  in  the  fame 
diredtion. 
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Here  it  may  reafonably  be  afked,  that  fince  our 
geometrical  demon  fixation  is  general,  and  proves,  that 
one  angle  of  obliquity  is  as  good  as  another ; why  in 
our  experiments  it  appears,  that  there  is  a certain 
angle  which  is  to  be  preferred  to  all  the  reft  ? It  is  to 
be  obferved,  that  if  the  breadth  of  the  fail  I N is 
given,  the  greater  the  angle  K I N,  and  the  lefs  will 
be  the  bafe  I K : that  is,  the  fedtion  of  wind  inter- 
fered, will  be  lefs : on  the  other  hand,  the  more 
acute  the  angle  KIN,  the  lefs  will  be  the  perpendi- 
cular KN : that  is,  the  impulfe  of  the  wind,  in  the 
diredtion  I K being  lefs,  and  the  velocity  of  the  fail 
greater  ; the  refiftance  of  the  medium  will  be  greater 
alfo.  Hence  therefore,  as  there  is  a diminution  of  the 
fedtion  of  the  wind  intercepted  on  one  hand,  and  an 
increafe  of  refiftance  on  the  other,  there  is  fome  angle, 
where  the  difad  vantage  arifing  from  thefe  caufes  up- 
on the  whole  is  the  leaft  of  all ; but  as  the  difadvan- 
tage  arifing  from  refiftance  is  more  of  a phyfical  than 
geometrical  confideration,  the  true  angle  will  beft  be 
afiigned  by  experiment. 

Scholium. 

In  trying  the  experiments  contained  in  Tab.  III. 
and  IV.  the  different  fpecific  gravity  of  the  air,  which 
is  undoubtedly  different  at  different  times,  will  caufe 
a difference  in  the  load,  proportional  to  the  difference 
of  its  fpecific  gravity,  tho’  its  velocity  remains  the 
fame  ; and  a variation  of  fpecific  gravity  may  arife 
not  only  from  a variation  of  the  weight  of  the  whole 
column,  but  alfo  by  the  difference  of  heat  of  the  air 
concerned  in  the  experiment,  and  pofiibly  of  other 
caufes  3 yet  the  irregularities  that  might  arife  from  a 
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difference  of  fpecific  gravity  were  thought  to  be 
too  fmall  to  be  perceivable,  till  after  the  principal 
experiments  were  made,  and  their  effe&s  compared ; 
from  which,  as  well  as  fucceeding  experiments,  thofe 
variations  were  found  to  be  capable  of  producing  a 
fenfible,  tho’  no  very  confiderable  effedt:  however, 
as  all  the  experiments  were  tried  in  the  fummer  fea- 
fon,  in  the  day-time,  and  under  cover  ; we  may  fup- 
pofe  that  the  principal  fource  of  error  would  arife 
from  the  different  weight  of  the  column  of  the  atmo- 
fphere  at  different  times ; but  as  this  feldom  varies 
above  -1-7  part  of  the  whole,  we  may  conclude,  that 
tho’  many  of  the  irregularities  contained  in  the  experi- 
ments referred  to  in  the  foregoing  effayy  might  arife 
from  this  caufe;  yet  as  all  the  principal  conclufions 
are  drawn  from  the  medium  of  a confiderable  num- 
ber, many  whereof  were  made  at  different  times,  it 
is  prefilmed  that  they  will  nearly  agree  with  the 
truth,  and  be  altogether  fufficient  for  regulating  the 
practical  conftrudtion  of  thofe  kind  of  machines,  for 
which  ufe  they  were  principally  intended* 
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XIX.  An  Account  of  the  remarkable  Altera- 
tion of  Colour  in  a Negro  W oman  : In  a 
Letter  to  the  Reverend  Mr . Alexander 
William  Ton  of  Maryland,  from  Mr, 
James  Bate,  Surgeon  in  that  Province, 
Communicated  by  Alexander  Rufiel,  M.  D . 
F.  R . S, 

To  the  Rev.  Tho.  Birch,  D.  D.  Secret.  R,  S . 


S I R, 


Read,  io  May, 
1 759 ■ 


SOME  account  of  the  extraordinary- 
fads  mentioned  in  the  inclofed  let- 
ter having  been  communicated  to  me,  above  a year 
ago,  by  the  Reverend  and  ingenious  Mr.  William- 
fon  of  Maryland,  I thought  them  worthy  of  atten- 
tion j and  therefore  begged,  that  he  would  be  fo  kind, 
as  to  get  fome  Gentlemen  of  the  faculty  to  affift 
him  in  making  a further  enquiry.  He  has  accord- 
ingly  tranfmitted  to  me  the  cafe,  now  fent  you,  as 
related  by  Mr.  Bate,  a practitioner  in  phyfic,  of  fome 
note  in  that  part  of  the  world. 

I have  alfo  had  the  particulars  fince  confirmed  to 
me  by  two  Gentlemen  now  in  England,  who  have 
often  feen  the  woman ; fo  (hall  make  no  farther  apo- 
logy for  giving  you  this  trouble,  in  order  to  its  be- 
ing communicated  to  the  Royal  Society. 

I am,  Sir, 

Your  moft  obedient  humble  Servant, 
Limpet,  May  sxh.  Alexander  Ruffell. 

S I R, 
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S I R, 

|N  compliance  with  your  defire,  I fend  as  particu- 
-®-  lar  an  account  of  the  extraordinary  metamorpho- 
ixs  obfervable  in  colonel  Barnes’s  negro  woman,  as  I 
have  been  able  to  procure. 

Frank,  a cook-maid  of  the  above-named  Gentle- 
man, a native  of  Virginia,  about  40  years  of  age, 
remarkably  healthy,  of  a ftrong  and  robud  condi- 
tution,  had  her  fkin  originally  as  dark  as  that  of  the 
mod:  fwarthy  African ; but  about  fifteen  years  ago, 
obferved  that  membrane,  in  the  parts  next  adjoining 
to  the  finger  nails,  to  become  white.  Her  mouth 
foon  underwent  the  fame  change,  and  the  pheno- 
menon hath  fince  continued  gradually  to  extend  it- 
felf  over  the  whole  body  ; fo  that  every  part  of  its 
furface  is  become  more  or  lefs  the  fubject  of  this 
furprifing  alteration.  In  her  prefent  date  four  part9 
in  five  of  the  fkin  are  white,  fmooth,  and  tranfpa- 
rent,  as  in  a fair  European,  elegantly  fhewing  the. 
ramifications  of  the  fubjacent  blood- veffels  the 
parts  remaining  footy  daily  lofe  their  blacknefs,  and 
in  fome  meafure  partake  of  the  prevailing  colour; 
fo  that  a very  few  years  will,  in  all  probability,  in- 
duce a total  change.  The  neck  and  back,  along 
the  courfe  of  the  vertebras,  maintain  their  pridine 
hue  the  mod,  and  in  fome  fpots  proclaim  their  ori- 
ginal date  : the  head,  face,  and  bread,  with  belljg 
legs,  arms,  and  thighs,  are  almod  wholly  white; 
the  pudenda  and  axillae  party-coloured  ; the  fkin  of 
thefe  parts,  as  far  as  white,  being  covered  with  white 
hair  ; where  dark,  with  black.  Her  face  and  bread, 
as  often  as  the  pafdons  anger,  fliame,  & c.  have  been 
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excited  in  her,  have  been  immediately  obferved  to 
glow  with  blu flies ; as  alio  when,  in  purfuance  of 
her  buiinefs,  fhe  has  been  expofed  to  the  aCtion  of 
the  fire  upon  thefe  parts,  fome  freckles  have  made 
their  appearance.  After  having  defcribed  her  pre- 
ient  appearance,  as  well  as  I am  able,  I fliall  not 
pretend  to  offer  any  conjectures  of  my  own  upon  the 
fubjeCt ; left  being  led  away  by  a train  of  reafoning, 
I fliould  lofe  myfelf,  in  endeavouring  to  eftablifh  a 
favourite  hypothefis  j but,  on  the  contrary,  fliali 
confine  myfelf  to  a Ample  narration  of  fuch  fads,  as 
may  prevent  miftakes,  or  obviate  difficulties,  arifing 
in  the  inveftigation  of  this  difficult  piece  of  phyfical 
hiftory.  And  in  the  firft  place,  left  the  change 
fhould  be  thought  the  confequence  of  a previous 
morbid  ftate,  fhe  declares,  that,  excepting  about  fe- 
venteen  years  ago,  when  fhe  was  delivered  of  a 
child,  fhe  hath  never  been  afflicted  by  any  complaint 
of  24  hours  continuance  ; and  that  fhe  never  remem- 
bers the  catamenia  to  have  been  either  irregular  or 
obftruCted,  only  during  this  pregnancy:  fhe  hath 
never  been  fubjeCt  to  any  cutaneous  diforders,  or 
made  ufe  of  any  external  applications,  by  which  this 
phasnomenon  might  be  produced.  The  effeCts  of 
the  bile  upon  the  fkin  are  well  known  to  phyficians, 
and  have  given  rife  to  an  opinion,  that  its  colour  was 
determined  thereby  : for  my  own  part  I cannot  be- 
lieve it  has  any  thing  to  do  here,  fince,  from  all  the 
circumftances  I have  been  able  to  colleCt,  I cannot 
find  the  leaft  reafon  to  fufpeCt,  that  this  fluid,  whether 
cvftic  or  hepatic,  has  undergone  any  alteration.  As 
uftion  is  known  to  make  the  fkin  of  negroes  become 
white,  and  as  fire  is  daily  employed  in  the  bufmeifes 
Tr''>rTT  Aa 
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of  cookery,  it  may  perhaps  be  fuppofed  the  effedt 
of  heat : but  this  can  never  be  the  cafe,  as  (lie  has 
ever  been  well  clad ; and  the  change  is  as  obvious  in 
the  parts  protected  from  the  adtion  of  that  element, 
as  in  thofe  the  moft  expofed  thereto.  As  an  emunc- 
tory,  the  Ikin  feems  to  perform  its  office  as  well  as 
poffible,  the  fweat  with  the  greateft  freedom  indif- 
ferently pervading  the  black  and  white  parts.  The 
effects  of  a blifter  I mentioned  to  you  I am  yet  a 
ftranger  to,  as  that,  which  I applied  upon  the  outfide 
of  the  arm,  did  not  anfwer  the  intended  purpofe : 
whether  this  was  owing  to  its  being  laid  upon  a part 
too  much  expofed,  or  that  the  cotpus  reticulare  be- 
ing deftroyed,  there  may  be  fuch  an  adhefion  of  the 
cuticle  to  the  cutis,  as  may  render  them  infeparable, 
a fecond  experiment  muff  determine.  If,  upon  your 
fending  this  to  Dr.  Ruffell,  he,  or  any  of  his  learned 
acquaintance,  to  whom  he  may  communicate  it, 
ffiall  think  any  future  experiments  neceffary,  I fhali 
be  glad  to  execute  them  under  their  diredtions,  not 
only  for  my  private  fatisfadtion,  but  in  order  to  con- 
vince you,  how  much  pleafure  I take  in  doing  every 
thing,  that  may  oblige  Mr.  Williamfon  or  his  friends. 

I am,  Sir, 

Your  obedient  humble  Servant, 


Leonard-Town, 
6th  Sept.  1 758. 


James  Bate, 

Surgeon  in  Maryland. 
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XX.  The  Cafe  of  a paralytic  Patient  cured 
hy  an  electrical  Application , inclofed  in  a 
Letter  from  DoElor  Himfel,  at  Riga,  to 
Jacob  de  Caftro  Sarmento,  M*D,  F.  R.S, 
Tranfated  from  the  French. 

Read  May  17,/^vN  the  iothof  March  1752,  a young 

man  20  years  of  age,  whofe  name 
is  Mauve , in  his  infancy  had  a fall,  by  which  his 
right  arm  became  paralytic,  of  which  he  never  had 
the  lead;  ufe  from  five  years  old.  He  was  brought 
to  me  in  order  to  attempt  his  cure  by  eleCtricky ; 
and  he  was  in  much  the  fame  condition  with  the  pa- 
tient cured  by  Mr.  Jalabert  at  Geneva ; who  could 
not  move  his  right  hand  in  the  lead,  and  was  after- 
wards able  to  help  himfelf,  and  follow  his  trade. 
All  the  fingers  of  the  paralytic  hand  were  difabled, 
and  the  hand  was  fo  bent  towards  the  elbow,  as  to 
form  a right  angle  ; the  hand  v/as  of  a red  and  blue 
colour,  as  if  it  had  been  druck  with  frod.  The  ex- 
tenfor  mufcles  of  the  wrid:  and  fingers  had  an  atro- 
phy, and  the  whole  fore-arm  was  fiirivled ; befides 
which,  all  his  right  fide  was  paralytic,  as  well  as  the 
right  arm,  at  the  beginning  of  his  difeafe ; and  the 
right  foot  v/as  very  much  weakened. 

He  approached  the  electrical  tube,  and  touched  it 
for  dome  minutes ; till  the  thenar , hypothenar , anti- 
thenar , indicator , and  the  interojfei , as  well  as  the 
fingers  of  the  lame  hand,  differed  electrical  diocks 
*cne  after  another. 
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The  fpe&ators  were  amazed  to  find,  that,  at  this 
firft  trial,  the  young  man  could  fucceflively  extend 
his  thumb , index,  and  middle  fingers,  and  at  length  the 
ring  and  little  fingers ; and  on  the  following  days  his 
friends  obferved,  that  his  hand  was  no  longer  fo  ri- 
gid as  it  had  been.  The  good  effed:  of  this  firfl:  efiay, 
and  the  defire  of  the  patient  and  his  relations,  encou- 
raged me  to  repeat  it  on  the  16th  ; and  I increafed 
the  eledrical  power  by  the  known  means  of  the 
flagon  of  water.  I flripped  his  arm,  and  by  turns 
gave  the  fhock  to  the  cubitceus  externus , radius 
ext  emus,  the  extenfor  magnus,  the  interoff’ei , exten- 
J'or  policis , and  the  other  mufcles  of  the  thumb.  He 
complained  fometimes,  that  his  hand  and  arm  were 
numbed  and  ftiff:  I therefore  caufed  it  to  be  well 
rubbed  with  a towel,  by  which  it  became  flexible  : 

I made  them  alfo  rub  his  hand  with  a woollen  cloth, 
and  continue  it  fome  time ; and  I obferved,  that  this  > 
hand,  which  bent  towards  the  elbow  for  fifteen 
years,  became  flxaitened  out,  altho’  it  fell  into  its 
former  fituation  fome  feconds  after.  This  was  the 
more  remarkable,  as  many  applications  had  been 
made  before  by  the  ablefl:  phyficians.  The  17th  the 
patient  told  me,  that  his  hand  opened  of  itfelf  the 
day  before  at  three  different  times,  and  was  alfo 
ftraitened  out  with  the  elbow;  but  that  it  clofed  and 
bent  up  again  of  itfelf.  The  fecond  time  that  I elec- 
trified him,  he  was  more  fenfible  of  the  fparks,  and 
this  day  he  felt  them  ftill  more,  having  made  them 
flronger  by  Mufchenbroek’s  invention ; he  could 
fcarce  bear  them : the  numbnefs  of  his  arm  and  hand 
followed  as  before,  which  generally  happened  after- 
wards upon  ele&rifying  him  5 but  he  always  found 
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himfelf  better  upon  rubbing,  as  before.  This  third 
time  he  extended  his  hand  and  fingers  more  than 
once,  without  the  afliftance  of  his  other  hand  : never- 
thelefs,  as  he  complained  of  very  fharp  blows  from 
the  fparks,  I changed  my  firft  method  the  18th,  and 
mounting  upon  a box  filled  with  pitch,  I took  the 
tube  in  one  hand,  and,  by  means  of  a key  which  I 
held  in  the  other,  I touched  him  where  I thought 
proper,  in  order  to  draw  the  fparks ; but  as  the  fhocks 
were  very  ftrong,  I placed  under  the  tube  two  flagons 
filled  with  water,  making  a communication  of  the 
water  with  the  tube,  by  means  of  an  iron  wire.  In 
viewing  the  naked  arm,  it  plainly  appeared  it  was 
become  more  flefhy.  The  night  after  he  flept  better 
than  the  foregoing  between  the  17th  and  1 8th,  when, 
tho5  he  found  himfelf  much  fatigued  all  over,  his 
fleep  was  often  interrupted  by  very  fharp  pains  in  the 
upper  part  of  his  arm ; which  part,  neverthelefs,  I 
had  not  touched  at  all ; but  he  had  that  day  under- 
gone very  ftrong  fhocks.  He  alfo  felt  great  heat  in 
his  hand  together  with  thefe  pains,  and  this  heat  was 
felt  almofl  every  time  after  he  had  been  electrified, 
both  in  the  hand  and  the  whole  length  of  the  arm. 

On  the  19th,  aoth,  and  aift,  fome  affairs  pre- 
vented my  continuing  the  operation;  but  I advifed 
him  to  exercife  his  arm  every  way  he  poflibly  could, 
having  obferved,  that  even  the  mufcles  of  the  arm 
leafl:  affedted,  after  fo  long  a time  of  inactivity,  were 
much  weakened  ; and  the  patient  was  gradually  cap- 
able of  taking  up  his  glove  from  the  ground  feveral 
times  fucceffiveyl,  and  even  to  put  on  and  take  off  his 
hat  with  the  paralytic  hand,  which  he  alfo  repeated 
the  following  days.  On  the  2 ad,  I obferved,  upon 
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the  upper  part  of  the  arm,  near  the  deltoid  mufcle 
(which  was  ftill  very  large  near  the  biceps ) and  the 
cxtenfores  cubiti , two  deep  hollows  ; and  the  exten- 
sion of  the  elbow  was  made  with  great  difficulty  : 
wherefore  I touched  him  chiefly  upon  thofe  mufcles 
which  cover  the  upper  part  of  the  arm,  having  in- 
creafed  the  electrical  power  in  Mufchenbroek’s  man- 
ner; for  he  feemed  to  come  on  but  flowly  while  the 
ffiocks  wrere  but  mild.  But  I made  the  neceffary 
difpofitions  to  hinder  his  being  at  the  trouble  of  lift- 
ing up  his  arm  to  touch  the  tube ; I applied  it  to  the 
hand  and  arm  where  I judged  neceffary  j and,  on  the 
23d  following,  he  was  able  to  lift  and  carry  a weight 
of  fixteen  pounds  and  an  half. 

I repeated  the  operation  on  the  23d,  24th,  and 
25th.  He  was  extremely  fenfible  of  the  flighted: 
fhocks  on  the  laft  day,  fo  as  to  excite  compaffion  in 
all  that  were  prefent.  Befides  which,  during  the  time 
that  his  arm  was  electrifying,  I obferved  certain  pro- 
tuberances in  thofe  places,  from  whence  I drew  the 
fparks,  like  thofe  which  profeffor  Jallabert  had  feen 
in  his  patient ; but  in  thefe  two  days  they  became 
very  large,  and,  upon  rubbing  the  arm,  the  fkin 
peeled  off:  notwithstanding  they  diminiffied  on  the 
following  days,  altho’  the  fhocks  were  made  more 
powerful ; which  is  the  more  remarkable.  The  del- 
toid mufcle,  which,  on  the  2 2d,  was  obferved  to  be 
So  large,  became  much  lefs ; and  the  hollows,  which 
were  between  this  and  the  biceps  and  extenfors  of  the 
elbow,  were  filled  up  ; but,  upon  bending  the  elbow, 
there  remained  ftill  a preternatural  rigidity. 

On  the  27th,  the  patient  gave  feveral  proofs  of  the 
advantage  he  had  gained  by  the  electricity,  in  the  pre- 
4 fence 
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fence  of  feveral  perfons:  he  opened  and  fhut  the 
fingers  of  his  right  hand  without  the  affiftance  of  the 
other : he  could  firetch  out  and  bend  the  carpus  and 
metacarpus  at  pleafure  : he  took  up  from  the  ground 
his  glove  and  other  things,  and  a weight  of  i6~  lb. 
above  three  feet,  moving  it  backwards  and  forwards 
at  the  fame  time ; and  he  could  have  employed 
more  firength  with  the  affedted  arm,  than  was  fufii- 
cient  to  hold  up  the  weight,  without  any  inconve- 
nience. 

We  then  firipped  both  arms,  and  found,  that,  as 
to  the  external  appearance,  the  paralytic  arm  was  be- 
come more  like  the  other ; and  the  hand  and  fingers' 
were  better  covered  with  fiefh  than  before.  Befides,. 
feveral  mufcles  of  the  arm,  efpecially  thofe  of  the 
fore-arm,  were  fuller;  the  blue  and  red  colour  of 
that  hand  difappeared,  and  it  was  now  like  the 
other.  But  the  extenfion  of  the  elbow  was  yet  a 
little  difficult;  nor  were  the  fingers  yet  fufficiently 
flexible  ; and  therefore  it  was  fomewhat  troublefome 
for  him  to  lay  hold  on,  and  keep,  any  thing  in  his 
hand.  On  the  28th,  he  performed  all  thofe  proofs 
before  fome  profefiors  and  dodtors  of  the  academy 
with  fuccefs.  They  viewed  his  arms  and  hands,  and 
the  change  that  was  brought  about  was  evident.  I 
afterwards  eledtrified  his  arm  and  hand ; but  princi- 
pally the  extenfors  of  the  elbow,  the  great  extenfor, 
and  the  interofleous  mufcles,  and  alfo  the  indicator 
and  mufcles  of  the  thumb.  The  29th  he  told  me, 
that  the  arm  fweated  continually  from  the  day  be- 
fore, which  happened  feveral  times  after  being  elec- 
trified ; and  that  the  fweat  would  often  continue  till 
next  day.  On  repeating,  this  day,  my  operation, 
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he  fweated  all  over  his  body  ; and  having  returned 
•home,  lie  felt  as  if  a number  of  globules  of  blood 
flowed  up  his  affedted  arm,  which  made  fo  ftrong  an 
impreflion  upon  him,  that  it  frighted  him ; but  have- 
ing  flripped  his  arm,  no  fort  of  alteration  appeared. 

On  the  31ft  of  March,  he  was  able  to  take  up  a 
glafs  of  beer  in  the  paralytic  hand,  to  hold  it  fteady, 
and  put  it  to  his  mouth,  drinking  to  the  health  of  all 
the  company  one  after  another;  and  flnce  that  time 
he  helps  himfelf  at  table  with  his  right  hand.  When 
he  came  to  me  on  the  firfl:  of  April,  he  lifted  from 
the  ground,  almofl:  three  feet,  a weight  of  3 3 lb.  in 
the  prefence  of  feveral  perfons,  which  he  was  not  able 
to  do  before,  tho’  he  had  tried  feveral  times.  On 
this  day  the  arm  was  eledtrified  again  in  the  parts  that 
required  ; but  as  the  fenfation  in  this  arm  was  nearly 
equal  to  that  of  the  other,  he  was  no  longer  able  to 
. undergo  the  {hocks,  for  an  hour,  as  he  ufed  to  do ; 
tho*  he  was  very  fenfible  of  the  advantages  gained  by 
the  eledtrical  operation  : however,  he  fainted  away, and 
therefore  we  were  forced  to  forbear  a little.  Befldes 
this,  he  was  often  fubjedt  to  a loofenefs ; which  No- 
guez  at  Geneva  was  alfo.  On  the  4th  of  April  in  the 
evening,  I expofed  the  paralytic  arm  once  more  to 
•the  eledtrical  fparks  ; and  as  there  always  were  feme 
perfons  by  at  the  operations,  there  was  this  time  a 
Frenchman  prefent,  who  had  a megrim.  He  under- 
went the  fhock  twice,  according  to  Mufchenbroek’s 
method ; and  came  to  thank  me  next  day  for  having 
cured  the  diferder  of  his  head.  O11  the  5 th  of  April, 
I again  cledtrified  my  patient,  and  the  fenfation  was 
now  nearly  recovered  in  the  paralytic  arm,  which 
was  reflored  to  a healthy  condition.  He  extended 

his 
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his  fingers,  and  contracted  them  at  pleafure,  could 
move  the  carpus  and  metacarpus  at  will ; he  took  oft' 
his  hat,  and  put  it  on,  and  had  gained  fo  much 
ftrength  in  his  hand  and  arm,  that  he  raifed  a forty- 
pound  weight  to  the  height  of  three  feet  from  the 
ground. 

Such  was  the  ftate  of  my  patient  after  having  elec- 
trified him  fourteen  times  from  the  loth  of  March, 
almoft  an  hour  each  time.  I did  not  touch  his  foot, 
which  was  a little  paralytic  from  the  beginning,  hav- 
ing never  been  very  troublefome  to  him. 

From  the  5th  to  the  27th  of  April,  he  was  elec- 
trified eleven  times  more ; during  which  time  the 
ftrength  of  his  arm  ftill  increafed  : he  not  only  raifed 
above  40  lb.  weight  with  his  right  hand,  moving  it 
backwards  and  forwards  at  the  fame  time,  but  he 
wrote  his  name,  Andrew  Mauve , with  a craion,  with 
the  fame  hand,  which  he  had  not  been  capable  of 
moving  for  fifteen  years  before. 

John  Godfrey  Tefke. 
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XXI.  An  Account  offome  Obfervations  relat- 
ing to  the  Production  of  the  Terra  Tripo- 
litana,  or  Tripoli.  Humbly  addreffed  to 
the  Royal  Society  of  London,  by  Martin 
Hubner,  Fellow  of  the  faid  Society , Profef- 
for  of  Hijlory  in  the  Univerfty  of  Copen- 
hagen, and  Member  of  the  Royal  Academy 
of  Infcriptions  and  Belles  Lettres  of  Paris. 
franjlated  from  the  French,  by  Emanuel 
Mendes  da  Coda,  F.  R.  S. 


Read  June  21,  T^U  RING  a journey  I made,  in  the 
1759  I J autumn  of  the  year  1755,  through 
feveral  provinces  of  France,  principally  in  Britany,  I 
made  the  natural  hiftory  of  that  province,  which 
has  plenty  of  productions  worthy  the  attention  of  a 
naturalift,  one  of  the  objeCts  of  my  refearches.  The 
lead  mines  of  Pouillauen  in  the  Lower,  and  thofe  of 
Pontpean  in  the  Upper  Britany,  employed  me  fome 
time.  The  metallic  veins  in  thefe  mines  are  not  only- 
rich  and  regular,  but  alfo  hold  a great  proportion  of 
filver,  which  they  do  not  extract  with  that  profit,  that 
might  be  done.  In  general,  they  could  work  thefe 
mines  to  greater  advantage,  if  they  were  more  fkil- 
ful,  or  had  proper  machines,  and  above  all  others 
the  fire  engine,  which  is  ufed  with  fuch  fuccefs  in 
the  mines  of  Cornwall  to  drain  off  the  water,  that  ele- 
ment being  the  greateft  obftacle  to  the  right  working 
of  the  mines  of  Britany  : but  the  advantages  of  this 
invention,  glorious  to  its  fii  ft  difcovcrer,  and  ufefui, 

to 
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to  this  nation,  where  it  has  been  perfected,  are  yet  fo 
unknown  in  France,  that  there  are  even  mechani- 
cians in  that  kingdom,  who  ferioufly  doubt,  whether 
the  fire  engine  is  any-wife  ufeful.  I fhall  not  here 
mention  any  thing  of  fome  rare  and  curious  foffils 
found  in  Britany,  nor  of  the  fquare  flones  of  a parti- 
cular fpecies,  on  the  formation  of  which  the  late  M. 
de  Robier,  prefident  of  the  parliament  of  Rennes, 
who  had  a magnificent  collection  of  natural  hiftory, 
employed  his  thoughts.  I likewife  (hall  pafs  over  in 
lilence  the  marbles  and  the  plumb  pudding  ftones, 
called  in  France  cailioux  de  Rennes , from  the  vaft 
quantities  of  them  found  in  the  neighbourhood  of 
that  city.  The  chief  and  only  fubjeCt  I propofe  in 
this  differtation,  is  the  generation  or  production  of 
the  terra  Tripolitana,  or  Tripoli,  of  which  there  are 
great  quantities,  and  of  the  bed:  kind,  in  Upper  Bri- 
tany. I more  readily  determine  to  give  this  illuftri- 
ous  Society  an  account  of  my  obfervations  on  this  fub- 
jeCt, as  not  only  the  difcovery  I think  I have  made 
thereon  is  very  curious,  but  alfo  that  the  generation  of 
this  earth  has  been  hitherto  utterly  unknown,  no  one 
having,  to  my  knowlege,  explained,  before  me,  in 
what  manner  it  is  produced.  It  is  true,  I heard  in 
France,  that  a young  gentleman,  a native  of  Britany, 
had  wrote  fomewhat  on  this  fubjeCt,  and  that  his  dif- 
fertation was  to  be  inferted  in  a collection  of  mifcel- 
laneous  papers,  or  loofe  pieces  ; but  I never  could 
fee  his  faid  differtation,  nor  know  what  it  contained  ; 
therefore  I am  incapable  of  judging  what  it  is. 

In  the  mountain  de  Poligne,  called  by  the  Bretons 
le  Tertre  gris,  i.  e.  the  grey  hill,  I think  I have  dis- 
covered the  true  origin  of  Tripoli.  This  mountain, 
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the  Breton  name  whereof  is  manifeftly  derived  from 
the  greyifh  colour  of  its  fummit,  is  iituated  in  Upper 
Britany,  near  the  inn  of  Roudun,  on  the  road  from 
Rennes  to  Nantes,  a fmall  league  wide  of  Baru,  and 
five  leagues  from  Rennes.  Obfervations  and  expe- 
rience are  the  only  means,  that  can  conduct  us  to 
certain  knowlege  in  natural  hiftory  ; and  it  is  conform- 
able to  that  axiom,  that  I mean,  limply,  to  lay  be- 
fore the  Society  what  I obferved  in  that  mountain, 
relating  to  the  generation  of  Tripoli,  and,  at  the  fame 
time,  to  produce  alfo  the  mod;  authentic  documents 
of  nature,  in  order  to  prove,  that  the  terra  Tripolitana, 
or  Tripoli,  is  probably  only  a wood  wholly  petrified , 
and  afterwards  calcined  by  the  fubt err aneous  fre. 

To  give  more  weight  to  what  I propofe,  and  to 
eftablifh  this  affertion,  it  will  be  neceffary  to  obferve 
here,  that  the  mountain  ofPoligne,  in  the  interior  of 
which  the  Tripoli  is  found,  has  been,  and  is  perhaps 
yet,  a volcano.  Its  colour,  its  form,  its  fiffures,  and 
its  flrata,  prove  it ; and  the  inhabitants  of  the  neigh- 
bourhood declare,  that  they  have  formerly  feen  fire 
on  its  fummit  at  night ; but  that,  however,  for  many 
years  pah,  they  have  not  perceived  any  more.  This 
being  granted,  I have  only  now  to  give  an  account 
of  what  is  to  be  obferved  in  the  mountain  itfelf,  and 
to  produce  fpecimina  of  the  different  flrata  of  earth 
found  therein,  to  afeertain  the  truth  of  my  thefis. 

The  ffratum  of  the  true  Tripoli,  intirely  calcined, 
lies  from  50  to  60  feet  depth ; the  fample  of  it  here 
produced  is  marked  N°  1 . This  ffratum  is  white ; but 
it  fometimes  has  a caff  of  grey,  and  fometimes  is  of 
a reddifh  hue,  as  the  fample  itfelf  fhews.  It  is  quite 
or  fully  calcined  and  converted jnto  Tripoli,  becaufe  it 
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lay  near  to  the  Subterranean  fire  of  the  volcano,  fo  as 
to  be  violently  affected  by  it. 

The  ffratum  above  this,  of  which  N°  2.  is  a fam- 
ple,  is  already  much  burnt  and  calcined,  but  not 
enough  to  be  whitened,  having  lain  too  far  from  the 
violence  of  the  fubterraneous  fire  to  be  freed  intirely 
from  its  heterogeneous  and  combuftible  parts,  info- 
much  that  the  fire  has  left  it  quite  black. 

The  fmall  layer  or  ffratum,  which  follows,  that  is, 
lies  above  it,  or  overlays  the  laft,  and  of  which  N°  3. 
is  a fmall  fample,  is  yet  yellowifh,  verging  on  brown ; 
and  altho’-the  burning  is  eafily  feen  on  the  extremi- 
ties, and  the  effedt  of  the  fire  in  the  interior  part  of 
the  layer,  yet  it  is  eafily  to  be  underffood,  that  it  is 
the  weaknefs  of  the  fire  incapable  of  reaching  it  with 
a force  neceffary  to  calcine  it,  that  has  put  it  and  left 
it  in  this  ffate  of  imperfection.  When  one  views  this 
fample  narrowly,  veftiges,  which  appear  pores  of  a 
wood,  are  eafily  difcovered. 

The  next  layer  fhews  the  fame  thing,  but  more 
clearly:  the  pieces  marked  N°  4.  are  famples  of  it. 
This  layer  has  been  lefs  attacked  by  the  fire  than  thofe 
under  it ; nevertheless  the  lightnefs  of  the  fubffance 
ffiews,  that  it  is  already  a little  calcined,  and  the 
fight  alone  clearly  demonffrates  the  refemblance  of 
its  pores  to  thofe  of  wood. 

The  piece  taken  from  the  fifth  ffratum,  and  marked 
N°  y.  confirms  this  fame  observation.  It  is  more 
weighty  in  proportion  than  all  the  others,  becaufe  it 
is  lefs  calcined;  and  indeed  it  is  lefs  calcined,  only 
becaufe  it  was  the  fartheft  diffant  from  the  fubterra- 
nean fire,  and  thereby  has  Suffered  lefs,  as  I have  ob- 
ferved  before.  However,  its  ends  or  extremities  evi- 
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dently  prove  the  action  of  the  fire  even  on  this  higher 
or  upper  ftratum  ; and  its  interior  parts  likewife  prove 
as  evidently,  that  this  fubffance  has  been  formerly 
petrified  wood,  but  from  which  the  ligneous  parts 
have  been  driven  away,  and  confumed  by  a heat  fu- 
perior  to  their  refinance. 

I do  not  doubt,  but  had  my  time  permitted  me  to 
make  further  refearches,  I fhould  have  found  in  the 
mountain  pieces  of  petrified  wood  not  yet  altered  or 
deflroyed  by  the  adtion  of  the  fire ; but  my  leifure 
not  anfwering  to  my  wifhes,  I thought  I might  remain 
contented  with  what  I have  now  the  honour  to  pre- 
fent  to  the  Society,  and  which  feems  to  me  fufficient 
to  determine  the  procefs  of  nature  in  the  generation 
or  production  of  Tripoli. 

If  I am  afked  how  all  this  vaft  quantity  of  wood 
could  be  heaped  or  gathered  together  in  this  moun- 
tain ? I anfwer,  i°.  That  it  is  not  to  be  luppofed 
that  the  feveral  layers  or  ftrata  of  Tripoli,  perfedt  or 
imperfedt,  follow  each  other  without  any  interrup- 
tion. 2dly,  It  may  be  allowed  me  to  fuppofe  a de- 
luge, whatever  it  was,  and  which  has  covered  many 
parts  of  our  globe,  to  accumulate  here  all  this  wood, 
and  even  aid  its  petrification,  ^dly,  A further  proof 
of  my  affertion  is  the  wood-coals  which  incontefl- 
ably  are  found  deep  in  the  earth ; for  there  are  intire 
quarries  of  them  in  Saxony,  in  the  neighbourhood  of 
Halle,  and  which  do  not  fuppofe  a lefs  quantity  of 
wood  : belides,  it  is  ufelcfs  to  difpute  again!!  obfer- 
vation  and  experience,  when  they  are  folidly  efla- 
blifhed. 


* Wood-coals.  The  author  ufes  the  words  “ charbons  de  bois 
but  what  he  means  by  his  intire  quarries  of  charbons  de  bois,  I de- 
clare myfelf  ignorant  of. 
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I mud  here  further  obferve,  that  the  volcano  of 
Poligne  did  not,  perhaps,  ceafe  to  flame  on  the 
upper  part  of  the  mountain,  till  after  the  ligneous 
parts  of  the  wood  buried  in  it  ceafed  to  furnifli  the 
pabulum  neceffary  to  the  fire. 

I fhall  be  happy,  if  thefe  obfervations  merit  the  ap- 
probation of  this  illudrious  Society,  to  whom  I have 
the  honour  to  dedicate  them  ; but,  however,  am  de- 
lighted, that  they  procure  mean  oceafion  of  tedifying 
my  zeal  for  this  relpedfable  and  learned  body,  in 
communicating  to  it  all  obfervations,  which  appear  to 
me  ufeful. 

However,  I do  not  abfoluteiy  pretend,  that  all 
Tripoli  is  a wood,  wholly  or  per  totiun  petrified,  and 
afterwards  calcined’  by  the  fubterraneous  fire.  There 
are  Tripolis  of  many  kinds,  as  well  as  of  feveral  de- 
grees of  goodnels  ; and  among  thefe  there  may  be 
fuch,  as  are  not  otherwife  than  a real  or  native  foflii, 
deprived  by  fire  of  its  primitive  hardnefs  and  weight : 
but  yet  I believe,  that  the  Tripoli,  which  has  its  ori- 
gin from  a petrified  wood,  muft  be  the  heft,  becaufe 
naturally  it  ought  to  be  the  fined;,  fofted,  and  the 
bed:  calcined. 

London,  8th  O&ob.  1757-. 


Remarks  on  Mr.  Hubner’j  Paper  on  'Tripoli ... 

HE  is  of  opinion,  that  the  different  drata,  marked 
• in  his  fpecimina  N°  1,  a,  5,  4,  and  5.  are  all 
the  fame,  only  under  different  degrees  of  calcination. 
But  N°  2.  feems  to  differ  from  the  red,  as  it  looks 
like  mere  charcoal,  and  appears  to  be  very  little,  if 

at 
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at  all,  petrified  or  faturated  with  extraneous  particles ; 
I would  therefore  propofe,  not  only  that  this  N°  2. 
fliould  be  further  calcined,  in  order  to  be  fatisfied, 
whether  it  will,  by  that  means,  come  to  be  of  the 
fame  nature  with  N°  1.  but  likewife  that  the  follow- 
ing N°  3,  4,  and  5.  which  Mr.  Hubner  fuppofes  to 
be  lefs  calcined,  fliould  undergo  the  fame  trial,  in 
order  to  obferve,  whether  they  will  by  that  means 
become  Tripoli  5 alfo  to  know,  whether  by  being  cal- 
cined for  fome  time  (before  they  are  reduced  to  tri- 
poli)  they  will  put  on  the  appearance  of  a coal  like 
N°  2.  for,  if  they  do  not,  as  I fufpeCt  may  be  the 
cafe,  it  will  be  little  lefs  than  a proof,  that  N°  2. 
which  feems  the  plained;  wood  of  any,  differs  from 
the  others  more  eifentially  than  merely  in  its  degree 
of  calcination.  Perhaps  it  may  alfo  be  found,  that 
N°  5,4,  and  y.  differ  not  only  from  N°  2.  but  like- 
wife from  Nc  1.  and  may  not  be  capable  of  being 
reduced  to  Tripoli. 


Remarks  o?i  the  preceding  Paper : In  a 

Letter  to  the  Right  Honourable  the  Lari 
of  Macclesfield,  Pref.  R.  S.  from  Mr . 
Emanuel  Mendes  da  Cofta,  F.  R.  S . 

My  Lord, 

Read  June  2i, xy OUR  Lordfliip’s  commands  to  wait 
l759-  X on  Mr.  Profeffor  Hubner,  when  in 
England,  to  receive  his  paper  on  the  production  of 
Tripoli,  which  he  defigned  for  the  Royal  Society,  and 
to  difcourfe  with  him  thereon,  in  order  to  tranflate  it, 

and 
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lay  it  before  this  illuflrious  body,  I accordingly 
obeyed  ; and  the  inclofed  is  the  faid  paper.  My  avo- 
cations, which  now  abforb  many  hours  I formerly 
dedicated  to  fludy,  have  been  the  only  caufe,  my 
Lord,  that  I have  detained  it  fo  long;  I therefore 
hope  for  your  Lordfhip’s  and  the  Society’s  pardon. 

When  I firft  undertook  the  tranflation,  I had 
thoughts  of  giving  my  opinion  thereon,  not  only  by 
reafoning,  but  alfo  by  experiments.  Time,  my  Lord, 
has  not  permitted  me  to  do  fo ; and  f nee,  having 
ferioufly  reflected,  that  Mr.  Hubner,  in  his  laid  para- 
graph, turns  his  intire  fyflem  into  a partial  produc- 
tion of  one  fpecies  of  Tripoli,  I think  it  unneceffary  to 
trouble  your  Lordfhip,  or  the  Society,  with  any  ar- 
guments pro  or  con.  I fhall  only  obferve,  that  it  is 
not  improbable  but  fome  of  Mr.  Hubner’s  Tripoli,  as 
he  furmifes,  may  have  been  produced  from  the  petri- 
fied wood  he  found  in  the  mountain  ; and  the  whole 
account  is  then  reduced  to  this  only  circum fiance, 
that  the  layers  of  foffil  wood  in  this  mountain,  hav- 
ing been  faturated  with  the  Tripoline  particles,  which 
likewile  abound  in  the  fame  mountain,  thereby  com- 
poled  a ftone,  or  third  body;  and  that  afterwards 
thefe  Tripoline  particles  were  again  reduced,  by  the 
effeds  of  a fubterraneous  fire,  to  their  priftine  date ; 
the  force  of  the  fire  defixoying  the  compages  of  the 
third  body,  or  (tone. 

Had  the  wood,  my  Lord,  been  faturated  with  any 
other  metallic  mineral,  or  earthy  particles,  I believe 
every  judge  of  fcience  will  determine,  that  the  calci- 
nation of  petrified  wood,  alone,  could  never  have 
changed  it  into  Tripoli. 

I have,  in  my  hiflory  offofiils,  p.  76.  87.  and  87, 
deferibed  five  kinds  of  the  Tripoli  earth;  and  Mr, 
V 0 l.  LI.  C c Hub- 
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Hubner’s  kind,  here  mentioned,  is  only  a variety  of 
that  I call  creta , tripela  alba  ditt a,  p.  76.  N°  1.  Your 
Lordfhip  will  pleafe  to  obferve,  that  of  all  the  faid 
kinds  none  are  produced  in  general  by  any  iuch  ope- 
rations of  nature,  as  Mr.  Hubner  intimates ; therefore, 
my  Lord,  reafon  will  convince,  that  this  is  only  a 
partial  and  local  origin  of  his  Tripoli,  by  concurring 
circumftances  of  wood  and  Tripoli  buried  together  in 
the  bowels  of  a volcano  ; for  as  we  find  this  very  fpe- 
cies  elfewhere  produced  without  fuch  circumftances, 
it  is  certain  they  are  not  the  foie  efficient  caules  of 
its  production. 

I am,  with  great  fubmiffion  and  refpeCt, 

My  Lord, 

Your  Lordfhip’ s moft  devoted, 
moft  obliged,  and  moft  obedient 
humble  fervant, 

Bearbinder  Lane,  Emanuel  Mendes  da  Cofta. 
19  June,  1759- 


XXII.  A remarkable  Cafe  of  an  Empyema. 
By  Mr.  Jofeph  Warner,  F.  R.  S.  and  Sur- 
geon to  Guy’*  Hofpital. 

Read  June  28,  IV  dT  ORRIS  EVANS,  aged  30  years, 
XVjL  011  the  13th  of  March,  17^9,  was 
admitted  into  Guy’s  hofpital,  with  a remarkable  com- 
plaint in  his  cheft,  which  attacked  him  in  the  month 
of  Auguft  1758,  with  the  fymptoms  of  a pleurify. 

Upon 
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Upon  infpeCtion  it  appeared,  that  the  left  fide  of  the 
thorax  was  greatly  inlarged,  and  prodigioufly  dif- 
tended  : the  pe&oral  mufcle  was  fomewhat  raifed  up; 
on  preffure  it  felt  foft,  and  readily  gave  way : upon  a- 
rernoval  of  the  preffure,  the  integuments  refumed 
their  former  appearance,  mo  marks  of  impreflion  re- 
maining on  this,  or  any  other  part  of  the  thorax,  fo 
as  to  conflitute  the  charaCteriffic  of  an  oedematous 
fwelling. 

The  fpaces  betwixt  the  9th  and  1 oth,  and  betwixt 
the  10th  and  11th  ribs,  counting  from  above,  were 
vifibly  inlarged,  and  fomewhat  elevated : they  felt 
foft,  and  yielded  to  the  fingers ; but  were  not  at  all 
inflamed,  or  otherwife  difcoloured.  Upon  examina- 
tion, I difcovered  a fluctuation  in  both  thefe  parts. 
The  general  fymptoms  that  attended  this  cafe  were 
fimilar  to  thofe  arifing  from  all  confiderable  collec- 
tions of  fluids  depofited  in  either  cavities  of  the 
thorax:  for  inftance,  the  patient  had  a continual 
flow  fever;  a fhort  cough,  but  without  the  leaft  ex- 
pectoration of  matter  ; a great  difficulty  in  refpiration, 
particularly  in  the  aCts  of  expiration.  He  was  inca- 
pable of  lying  down  on  the  right  fide,  without  very 
great  uneafrnefs ; he  was  much  emaciated  ; and  his 
countenance  was  uniformly  fallow  : he  did  not  com- 
plain of  fo  much  pain,  or  fo  great  a difficulty  in 
breathing,  when  in  an  ereCt  pofture,  as  I have  fome- 
times  obferved  in  difeafes  of  this  kind  even  where 
the  quantity  of  extravafated  fluid  has  been  much 
lefs ; but  at  the  fame  time  I muff  acknowlege,  that 
no  fair  inference  could  be  deduced  from  hence,  be- 
caufe  of  the  peculiar  pofition  the  difeafed  fide  was 
put  in  when  the  poor  man  fat  down,  or  flood  up-; 
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either  of  which  he  was  incapable  of  doing  without 
being  fupported.  The  left  fide  of  the  thorax  inclined 
forwards,  and  protuberated  in  a peculiar  manner,  fo 
as  to  give  the  head  and  trunk  an  horizontal  pofture ; 
in  which  pofition  of  the  body,  the  weight  of  the  con- 
tained fluid  inofl  certainly  was,  in  part,  prevented 
from  prefling  fo  forcibly  upon  the  left  portion  of  the 
diaphragm,  the  mediaflinum,  and  the  right  portion 
of  the  lungs,  as  it  muft  neceflarily  have  done  in  a 
more  ereeft  pofition  of  the  body.  He  had  one  fym- 
ptom,  which  I had  never  before  obferved  in  patients 
labouring  under  this  complaint ; that  is,  he  was  in- 
capable of  lying  on  his  back,  without  bringing  on 
very  alarming  threats  of  fuftocation  ; but  he  did  not 
remember  ever  to  have  heard  any  noife  or  rattling  of 
the  pus  upon  motion.  He  could  lie  molt  conveni- 
ently on  his  left  fide  ; but  even  that  pofture  was  of 
late  become  very  painful  to  him.  In  fhort,  he  could 
find  no  tolerable  pofture  to  put  his  body  into,  but 
that  of  inclining  it  confiderably  forwards,  which  (I 
have  already  obferved)  he  was  under  a neceflity  of 
doing,  to  enable  him  to  draw  his  breath ; and  I dare 
venture  to  fay,  that,  upon  attending  to  the  fubfe- 
quent  part  of  the  hiftory  of  this  poor  mortal’s  cafe, 
the  reafon,  why  fuch  effects  fliould  be  produced  from 
fuch  a caufe,  will  very  readily  occur  to  thofe,  who 
have  a moderate  degree  of  knowlege  of  the  formation 
and  ufes  of  thefe  parts  of  the  human  body.  Upon 
making  an  inciflon  upon  the  moft  prominent  part  of 
the  fpace  betwixt  the  ioth  and  i ith  rib,  in  the  cavity 
of  the  thorax  of  the  left  fide,  at  leaft  eight  Winches- 
ter quarts  of  a thin  yellow  matter,  not  at  all  foetid, 
was  difeharged  upon  the  fpot  in  a full  ftream : the 

matter 
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matter  iffued  thro’  the  wound  by  leaps,  and  was 
projected  at  the  diftance  of  two  yards  and  upwards 
from  the  patient’s  body : he  did  not  faint  during  the 
operation,  nor  afterwards ; but  from  that  moment  he 
grew  eafy ; his  fymptoms  abated  ; he  flept  well  at 
night;  and  the  next  day  he  had  no  bad  fymptoms, 
except  that  his  difficulty  in  breathing  was  not  quite 
removed.  This,  indeed,  could  not  reafonably  be  ex- 
pected, confidering  the  long  difufe  and  extenfion 
which  the  diaphragm,  the  intercoftal  mufcles,  and 
the  reft  of  the  mufcles  of  refpiration,  had  undergone 
from  the  prefliire  and  weight  of  the  confined  matter, 
joined  to  the  injury  which  the  lungs  themfelves  had 
fuftained.  He  continued  with  very  little  alteration 
till  the  fourth  day,  when  his  refpiration  became  worfe, 
accompanied  with  bad  nights,  a quick  pulfe,  a great 
difcharge  of  foetid  matter  from  the  wound,  and  a 
fiuffiing  in  his  face.  Thefe  fymptoms  remained  till 
the  pth.  To-day  his  breathing  was  better,  his  pulfe 
became  more  calm,  the  flufhings  in  his  face  difap- 
peared  j but  the  difcharge  was  confiderable  in  quan- 
tity, and  he  complained  of  a want  of  appetite,  which, 
till  now,  had  been  tolerably  good  ever  fince  the  ope- 
ration. On  the  tenth  day,  his  difficulty  of  breathing 
returned ; the  difcharge  was  very  great,  and  often- 
five  ; he  had  very  little  fleep  laft  night : in  fhort,  he 
feems  greatly  upon  the  decline,  nth,  12th,  and 
1 3th,  he  continued  much  as  on  the  10th.  14th  and 
1 yth  days  he  has  had  more  fleep  than  ufual ; his  ap- 
petite very  bad ; cough  frequent,  and  troublefome ; 
difcharge  very  thin,  and  confiderable  in  quantity. 
Upon  exerting  his  powers  in  the  aCt  of  expiration,  to 
difcharge  the  matter  from  the  cavity,  there  appeared 

an 
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an  eminence  betwixt  the  7th  and  8th  ribs  (counting 
from  above)  on  the  anterior  lateral  part  of  the  tho- 
rax, which  was  very  tender ; but,  upon  his  ceafing 
to  exert  himfelf,  the  fwelling  difappeared.  16th  and 
17th  days,  his  cough  very  troubleiomej  the  difcharge 
from  the  wound  was  great  j the  matter  very  thin, 
and  foetid  5 he  gets  very  little  deep  his  pulfe  quick, 
and  low  ; his  tongue  dry,  and  parched  : in  fhort,  to 
all  appearance,  he  feemed  to  have  a very  fhort  time 
to  live.  But,  notwithftanding  thefe  threatening  fym- 
ptoms,  he  very  unexpectedly  furvived  till  the  1 oth  of 
June  following  (exactly  12  weeks  from  the  time  of 
his  undergoing  the  firft  operation).  In  the  middle  of 
the  month  of  April  next  preceding  his  death,  he 
thought  himfelf  much  better  than  he  had  been  for 
many  days  before : his  difcharge  at  this  time  was 
much  leflened  but  his  pulfe  was  very  weak,  and 
fluttering. 

About  three  weeks  before  the  patient’s  death,  a 
fecond  opening  was  made  by  inciflon  betwixt  the 
I ith  and  12th  ribs  by  my  collegue  Mr.  Way,  under 
whofe  immediate  care  this  poor  man  was  from  the 
day  of  his  admiflion  into  the  hofpital,  and  who  treated 
him  with  the  greateft  humanity  and  judgment. 
Three  days  before  the  patient’s  deceafe,  the  fwelling 
betwixt  the  7th  and  8th  ribs  burft  of  itfelf,  and  dif- 
charged  at  lead  a pint  of  matter,  that  was  exceed- 
ingly offenfive. 

Upon  opening  the  body,  the  following  particulars 
were  difcovered  : the  right  portion  of  the  lungs  wTas 
greatly  ulcerated  on  its  fuperior  part,  where  it  ad- 
hered firmly  to  the  pleura : on  the  inferior  part  of 
the  cavity,  the  lungs  adhered  to  the  diaphragm ; the 

lobes 


[ *99  ] 

lobes  of  the  lungs  on  this  fide  were  not  fo  much 
wafted  as  I expected  they  would  have  been,  from  the 
great  degree  of  prefture  which  they  had  fo  long  fu- 
ftaincd  from  the  prodigious  quantity  of  matter,  that 
was  confined  in  the  oppofite  cavity  of  the  thorax ; 
nor  was  there  any  extravafation  in  the  right  cavity  of 
the  thorax. 

The  lobes  of  the  lungs  on  the  left  fide  were  almoft 
intirely  deftroyed : in  this  cavity  there  was  near  a 
quart  of  foetid  matter ; the  whole  of  its  internal  fur- 
face  was  ulcerated,  and  the  two  inferior  ribs  wer® 
carious  in  the  neighbourhood  of  the  fecond  opening. 
In  every  other  part  the  ribs  were  found  * fo  was  the 
fternum. 

The  pericardium  and  heart  appeared  in  their  natu- 
ral ftate.  The  injury  done  to  the  internal  furface  of 
the  left  cavity  of  the  thorax  was  fo  great,  as  to  have 
•deftroyed  almoft  the  whole  of  the  intercoftal  mufcles 
on  that  fide  of  the  trunk. 

N.  B.  It  may  be  worth  remarking,  that  this  pa- 
tient did  not  any  time  fuffer  the  leaft  inconvenience 
from  the  prefture  of  the  external  air,  which  entered 
into  the  cavity  of  the  thorax  thro’  the  incifions,  as 
has  been  faid  by  authors  to  have  happened  in  a great 
degree  in  the  like  cafes ; but  as  that  effedt  was  not 
produced  in  this,  or  any  other  inftances  of  the  like 
kind,  which  has  come  under  my  infpedtion,  I am 
inclined  to  conjecture,  that  the  bad  effects  of  the 
prefture  of  the  external  air,  when  admitted  thro’  an 
opening  made  into  the  cavity  of  the  thorax,  is  fuch 
an  inconvenience  as  may  rather  be  fuppofed  to  be 
likely  to  happen,  than  has  been  really  known  to  hap- 
pen often ; the  aCt  of  breathing  having  never  been 
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in  the  leaft  fufpended,  altho’  the  openings  made  into 
the  cavity  have  been  very  large,  and  the  time  taken 
for  dreffing  the  patient  (fometimes  once,  fometimes 
twice  a day)  has  been  very  confiderable ; but,  on  the 
contrary,  at  every  dreffing,  I have  obferved,  that  the 
patient  has  breathed  with  greater  freedom  and  eafe 
than  he  could  do  before  the  performance  of  this  ope- 
ration, or  even  for  fome  hours  before  the  dreffings 
were  renewed.  As  the  matter  in  this  difeafe  lies 
loofely  in  the  cavity  of  the  thorax,  there  is  no  greater 
danger  of  wounding  the  lungs  in  this  operation,  than 
there  is  of  wounding  the  inteftines  or  omentum,  in 
tapping  the  abdomen  in  the  afcites ; and  if  the  me- 
thod be  purfued,  which  I have  recommended  for 
making  the  ineffion  thro’  the  intercollal  mulcles, 
there  will  be  no  danger  of  wounding  the  intercoftal 
artery,  which  is  a circumftance  much  dreaded  by 
fome  practitioners,  but  with  no  great  reafon.  How- 
ever, was  this  to  happen,  it  would  probably  not  be 
attended  with  any  bad  confequences,  as  the  bleeding 
might  very  readily  be  flopped  by  preffnre,  or  other- 
wile. 


Hatton  Garden, 
June  28,  1759. 


Warner. 
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XXIII.  Extra&s  of  fome  Letters  from  Sig- 
nor Abbate  de  Venuti,  F.  R.S.  to  J.  Nixon, 
A.  M.  and  F.  R.  S.  relating  to  fever al  An- 
tiquities lately  difcovered  in  Italy. 


LETTER  I. 


Read  June  28 
1 759* 


Rome,  May  \Jiy  175*7. 

Dear  Sir, 

N an  infcription,  which  I found, 
while  the  front  of  the  church  of 
St.  JohnLateran  was  erecting,  and  which  is  now  in  the 
gardens  of  cardinal  Corfini,  without  the  Porta  Aurelia 
(or  St0  Pancrazio)  mention  is  made  of  the  * equites 
Jingu  lares , as  guards  of  the  perfons  of  the  emperors. 


r 


Herculi  Invidto  Sacrum 
Genio  Num.  Eq.  Sing. 
Augg.  N.  N.  Pro  Salute 
Imp.  Cefar.  L.  Septimii 
Severi,  et  M.  Aurelii  An 
tonini  - - - - - 

Et  Juliae  Aug.  Matri 
Caftrorum.  Aaug. 

-----  Do 

mus  divinae.  Trib. 

Occo.  Valente,  et  O&avio 


* This  communication  was  occafioned  by  Dr.  Ward’s  account 
of  an  infcription  found  atMalton  (Philof.  Tranf.Vol.  XLIX.  Parti, 
p.  69.)  an  extra£l  of  which  had  been  tranfmitted  to  Signor  de 
Venuti  by  Mr.  N. 

V o l.  LI.  D d 


Pifoni. 
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Pifoni.  et.  Ti.  Exerc.  FI. 

Titiano.  et  Aurel.  Lupo 
C.  Julius  Secundus 

J-  . rexit.  Ere.  fuo.  Deo.  Do.  D 
Dedit.  Idibus.  Sept. 

Severo  III.  et.  Antonino  Au 
g g N N.  Cos. 

As *  * Commodus  was  not  afhamed  to  enter  the 
Lifts  in  the  amphitheatre,  as  a gladiator  (as  appears 
by  an  infcription,  which  I have  lately  publifhed)  I do 
not  queflion,  but  that  he  might  have  a further  ambi- 
tion to  be  ranked  among  the  equites  Jingulares  alfo. 

Without  the  gate  of  Sto  Paolo,  in  the  way  to  Oftia, 
about  8 miles  from  Rome,  there  has  been  difcovercd, 
within  thefe  few  days,  a magnificent  fepulchre  of 
very  large  dimenfions,  and  of  a round  figure.  In  the 
middle  of  it  was  a fepulchral  urn  covered  all  over 
with  fculpture  in  no  inelegant  tafie.  Among  the 
rubbilh,  on  the  outfide,  they  met  with  this  infcrip- 
tion in  large  capitals, 

+ C.  TUCCIUS.  L.  F.  TRO.  DVVOMVR. 
ACTIA.  UXOR. 

Not  far  from  this  fepulchre,  there  are  now  found 
ceies  rufiicce , peafants  hcufes,  adorned  with  rich 
marbles  in  the  walls,  and  with  flatues. 


t On  the  left-hand  fide. 

* This  refers  to  Dr.  Ward’s  Account,  p.  79. 

% Note.  To  this  family  (perhaps)  might  belong  M.  Tuccius, 
who  was  aedilis  curulis.  Liv.  1.  xxxv.  c.  41.  Praetor.  Ib.  1.  xxxvi. 
c.  45.  & triumvir,  lb.  1.  xxxix.  c.  23. 
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LETTER  II. 

Rome,  Nov.  5.  1757. 

DURING  my  fummer  recefs  at  Viterbo,  as  I was 
tracing  out  the  remains  of  antiquity  in  the  ad- 
jacent country,  I dropt,  by  mere  accident,  upon  the 
ruins  of  Ferentum,  a town  of  Etruria,  different  from 
that  of  the  fame  name  in  Latium,  near  Mons  Alba- 
nus.  Here,  belides  the  wralls  of  the  city,  confifting 
of  wrought  fqure  ftone,  I had  the  fatisfa&ion  of  find- 
ing a temple  built  of  the  fame  materials,  of  neat 
workmanfhip,  and  a very  elegant  ftile  of  architedlure : 
but  what  furprifed  me  more  was  a theatre  almoft  per- 
fect, not  only  in  the  circular  part  of  it,  but  alfo  in 
that,  which  was  taken  up  by  the  feene  or  Rage.  It 
had  its  porticos  intire  on  the  outfide,  and  likewiie 
three  entrances,  anfwering  to  the  vulva  regia,  and 
the  hofpitalia , deferibed  by  * Vitruvius : fo  that  no- 
thing was  wanting  to  render  it  complete,  but  the 
orchejlra  and  pulpitum.  Thefe  remains  are  accef- 
fible  to  all  the  world  ; yet  no  one  hitherto  has  deli- 
neated or  publifhed  them.  We  have  feveral  valuable 
monuments  in  Latium,  Sabina,  Etruria,  Campania, 


* The  learned  abbate  refers  here  (I  prefume)  to  Vitruv.  de 
archit.  1.  v.  c 6.  (Cunei)  qui  funt  in  imo,  et  dirigunt  fealaria, 
erunt  numero  feptem  ; reliqui  quinque  feenas  defignabunt  compofiti- 
onem,  et  unus  medius  contra  fe  valvas  regias  habere  debet,  et  qui 
erunt  dextra  ac  finiftra  hofpitalium  defignabunt  compofitionem. 

Ipfae  feenae  fuas  habeant  rationes  explicatas,  ita  uti  mediae  valvas 
ornatus  habeant  aulse  regiae,  dextra  ac  finiftra  hofpitalia.  Ib.  c.  7. 

For  a fuller  account  of  thefe  entrances  imo  the  ancient  theatres, 
vid.  Montfauc.  Antiq  explic.  Tom.  III.  Par.  II.  1.  ii.  cap.  2,  3, 
& 4. 
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and  Calabria,  which  contain  fubjedts  of  the  higheft 
erudition,  but  yet  yet  are  unknown  to,  and  difre- 
garded  by,  learned  men  ; while  at  the  fame  time  they 
are  fearching,  with  great  expence  and  labour,  after 
others  in  Greece  and  Afia,  which  are  already  known, 
and  perhaps  not  fo  intire  as  thefe.  1 have  caufed  a 
drawing  to  be  made  of  the  theatre  above-mentioned, 
and  fome  time  or  other  (probably)  may  offer  it  to 
the  public. 

I have  lately  met  with  a curious  differtation,  pub- 
lifhed  by  a profeffor  of  the  univerlity  of  Pifa,  upon  a 
gem,  which  exhibits  the  Theban  war,  with  the  names 
of  five  heroes  engraved  in  Etrufcan  characters  upon 
it.  You  (in  all  probability)  faw  it  at  Florence,  in 
the  cabinet  of  Baron  Stofch,  who  a few  days  ago  was 
itruck  with  an  apoplexy,  and  lies  now  at  the  point 
of  death. 


FEW  months  ago,  I published  a difiertation  upon 


a little  marble  relievo,  infcribed  with  Greek  cha- 
racters of  the  fmalleff  fize.  The  fubjedt  of  it  is  the 
ftory  of  Circe,  as  related  by  Homer,  Odyff.  lib.  x. 
It  is  really  remarkable,  that  whereas  there  are  extant 
feveral  ancient  monuments  alluding  to  the  Iliad  of 
that  poet,  very  few  are  found,  which  refer  to  the 
Odyffey. 

There  has  lately  been  difcovercd  without  the  Porta 
Prcenejlina  (or  Maggiore)  about  four  miles  from 
Rome,  an  old  fepulchral  apartment,  wherein  were 


LETTER  III. 


Rome,  Jan.  31,  1759. 


four 
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four  farcophagus’s,  adorned  with  very  curious  re- 
lievo’s. Two  of  them  were  of  a large  fize  ; the  other 
two  of  a fmaller.  On  the  firft  of  the  large  ones  was 
elegantly  carved  the  Fight  of  the  Giants,  who  are 
reprefented  with  thighs  compofed  of  ferpents.  The 
fecond  appeared  to  me  to  exprefs  the  Combat  of  the 
Amazons  and  Thefeus.  Of  the  two  fmaller  farco- 
phagus’s, one  exhibited  Bacchus  in  a chariot  drawn 
by  centaurs,  and  preceded  by  the  whole  chorus  of 
the  Bacchantes : the  other  feemed  to  be  a battle  (per- 
haps) between  the  Greeks  and  the  Trojans ; as  one 
part  of  the  figures  had  long  beards,  tunics,  and  long 
breeches : all  of  them  were  of  exquifite  workman- 
fhip. 

There  has  been  lately  dug  up  here  an  admirable 
ffatue  of  Venus,  with  an  elegant  Cupid  handing  upon 
a dolphin  j as  alfo  feveral  curious  infcriptions. 

I have  communicated  your  extract  of  Mr.  S win- 
ton’s  moft  learned  conjedtures  concerning  a coin  of 
Monefes  *,  a Parthian  king,  to  Signor  Corfini.  He 
approved  of  the  performance,  and  admired  the  judg- 
ment and  acute  penetration  of  the  author : but  ex- 
cepted a little  to  that  part,  where,  in  order  to  ai'cer- 
tain  the  epoch  of  the  piece,  he  [Mr.  Swinton]  ex- 
preffes  a doubt  with  regard  to  the  Victory  on  the  re- 
verfe  of  it;  as  there  was  no  engagement  that  year  be- 
tween the  Romans  and  the  Parthians.  But  when 
Monefes  had  ufurped  the  throne,  difpoffeiTed  the  law- 
ful heirs,  and  plundered  the  neighbouring  nations, 
it  is  no  wonder,  that  he  fhould  flamp  a Victory  on  his 
coin : which  fymbol  ought  to  be  referred  to  feme 


* Philof.  Tranfadl.  Vol.  L.  Part  I.  p.  175. 
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confiderable  advantage  gained  over  the  Barbarians, 
and  not  over  the  Romans. 


XXIV.  An  Account  of  form  Experiments  re- 
lating to  the  Prefer  vat  ion  of  Seeds : In 
Two  Letters  to  the  Right  Honourable  the 
Earl  of  Macclesfield,  Prefident  of  the 
Royal  Society . From  John  Ellis,  Efq\ 
F,  R.  S. 


My  Lord,  London,  Jan.  18.  1759. 

Read  Jan.  18,  A S the  fupplying  our  colonies  with 
y \ the  feeds  of  ufeful  plants,  in  order 
to  have  their  produce  imported  from  thence  into 
England,  inftead  of  the  places  of  their  natural  growth 
in  Europe,  Alia, and  Africa,  as  we  do  at  prefent,  is  a 
matter  of  fome  importance,  therefore  I am  perfuaded, 
that  experiments  tending  to  promote  fo  ufeful  and 
beneficial  a work,  will  meet  with  the  approbation  of 
this  honourable  Society. 

Among  many  ufeful  feeds,  which  I fent  governor 
Ellis  in  the  year  1 757,  were  fome  acorns  of  the  cork- 
tree, which  were  put  in  a box  in  fand.  Thefe,  he 
mentions  in  his  laft  letters,  were  intirely  fpoiled  in 
the  voyage;  and  obferves,  that  the  confined  air  in  the 
hold  of  fhips,  occafions  fuch  hot  and  penetrating 
fleams,  efpecially  in  warm  climates,  that  it  difpofes 
all  feeds,  in  common  packages,  to  a fweating  or  pu- 
trefactive fermentation,  by  which  the  vegetative  qua- 
lity of  many  is  intirely  deftroyed : and  therefore  ad- 
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vifes,  that  feeds  fhould  be  fent  in  tight  cafks,  and 
placed  on  or  near  the  deck,  fo  as  to  have  the  benefit 
of  the  frefh  circulating  air,  at  the  lame  time  the 
tightnels  of  the  cafk  would  fecure  them  from  the 
fait  water. 

In  order  to  fend  the  governor  a frefh  fupply  of 
cork  acorns,  in  a growing  (late,  I tried  the  following 
experiments  on  them  to  preferve  them  found;  the 
effedt  of  which  I expedt  to  have  the  honour  to  lay 
before  this  Society  next  fummer : but  as  I tried  the 
very  fame  experiments,  at  the  very  fame  time,  on  a 
parcel  of  frefh  oak  acorns,  which  I collected  myfelf 
at  Sydenham  in  Kent,  the  latter  end  of  laffc  Odtober, 
and  have  fince  kept  them  by  me  in  a box  in  a warm 
room,  it  may  give  us  fome  infight  into  what  may  be 
the  fate  of  thofe  that  are  fent  abroad. 

The  experiments  were  made  between  the  25th 
and  30th  of  Odtober  1758  ; and  the  acorns  cut  open 
to  fee  the  effedts,  Jan.  17,  1759. 

Experiment  1 . Acorns  of  the  Englifh  oak  fmeared 
over  feveral  times  with  a fir  on  g folution  of  gum  ara- 
ble ; and  alfo  they  had  been  dried  in  a window, 
folded  in  a piece  of  paper,  and  put  into  a deal  box. 

When  thefe  were  cut  open,  they  appeared  hard, 
dry,  and  inclining  to  black,  being  quite  perifhed. 

When  I firft  thought  of  making  this  experiment, 

I imagined,  that  the  perfpirable  matter  of  the  kernel 
of  the  acorns  could  not  pafs  through  the  glafly,  clofe 
fubflance  of  the  gum  arabic ; but  experience  has  con- 
vinced me  of  the  contrary. 

Exp.  2 . Some  acorns,  treated  as  in  the  firft  expe- 
riment, were  wrapped  up  in  papers,  foaked  in  a ftrong 
folution  of  gum  arabic,  each  in  a feparate  paper: 

3 after 
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after  they  had  been  dried,  they  were  put  in  the  box 
with  the  reft. 

Thefe  were  fomewhat  fofter  than  the  firft,  but  de- 
cayed. 

Exp.  3.  Some  of  them  were  fmeared  feveral  times 
over  with  gum  fenega  j and  when  they  were  dried  in 
the  window,  and  well  hardened,  were  pat  in  a paper 
into  the  deal  box. 

Thefe  looked  rather  better  than  the  two  former 
parcels ; but  unfit  for  vegetation. 

Exp.  4.  Some  of  the  fame  acorns  were  put  into 
the  middle  of  a cake  of  plaifterers  ftiff  loam,  or  fuch 
as  the  brewers  ufe  to  flop  their  beer  barrels,  and  co- 
vered over  near  an  inch  on  every  fide.  This  foon 
became  dry,  without  any  cracks : it  was  about  21- 
inches  thick ; and  was  placed  with  the  reft,  wrapped 
up  in  a paper,  in  the  box. 

The  kernels  of  thefe  were  fhrivelled  up,  and  grown 
quite  dry  and  hard,  like  horn,  the  loam  proving  a 
ftrong  abforbent. 

Exp.  5.  Some  were  rolled  up  feparately  in  thin 
flakes  of  bees-wax,  warmed,  to  make  it  pliable,  and 
put  in  paper  in  the  box. 

Thefe  looked  very  well  when  they  were  cut  afun- 
cler,  and  appeared  likely  to  grow ; but  were  a little, 
fh  rank. 

Exp.  6.  Some  were  rolled  feparately  in  rofin,  made 
pliable  with  warmth. 

Thefe  cut  quite  frefh. 

Exp.  7.  Some  of  them  were  rolled,  each  in  a thin 
covering  of  a mixture  of  pitch,  rofin,  and  bees-wax, 
called  mummy  by  the  gardiners. 

Thefe  cut  as  well,  and  looked  as  frefh,  as  if  they 
had  juft  fallen  from  the  tree. 

The 
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The  cork  acorns,  that  were  fent  to  Georgia,  were 
inclofed  in  the  fame  fubflances  with  the  foregoing, 
and  put  into  a box  filled  with  dry  fand,  quite  full, 
and  well  fattened : this  was  put  into  a tight  calk, 
among  papers  and  wearing  apparel,  and  flowed  in 
the  upper  part  of  the  hold  of  the  fhip. 

While  I was  making  thefe experiments,  I wrote  to 
Dr.  Linnaeus,  ofUpfal,  for  his  opinion  of  them,  and 
for  his  method  of  preferving  feeds  in  long  voyages.  I 
have  lately  received  his  anfwer ; in  which  he  confi- 
ders  the  great  danger  that  attends  feeds  in  warm  voy- 
ages, in  the  fame  light  with  governor  Ellis,  and  has 
communicated  to  me  a very  probable  method  of  pre- 
ferving feeds  in  long  voyages,  which,  he  fays,  has 
never  failed.  The  following  is  an  extract  of  his  let- 
ter to  me,  dated  the  8th  of  Dec.  1758,  from  Upfal. 

“ Seeds  may  be  brought  from  abroad  in  a grow- 
u ing  date,  if  we  attend  to  the  following  method 

“ Put  your  feeds  into  a cylindrical  glafs  bottle,  and 
“ fill  up  the  interflices  with  dry  fand,  to  prevent  their 
<c  lying  too  clofe  together,  and  that  they  may  per- 
“ fpire  freely  through  the  fand  ; then  cork  the  bottle, 
“ or  tie  a bladder  over  the  mouth  of  it.  Prepare  a 
<c  glafs  veffel,  fo  much  larger  than  that  which  con- 
cc  tains  the  feeds,  that,  when  it  is  fufpended  in  it, 
<c  there  may  be  a vacant  fpace  on  all  fides  of  about 
u two  inches  diflance  between  both  glades,  for  the 
,c  following  mixture ; four  parts  of  nitre,  and  one- 
“ fifth  part,  of  equal  parts,  of  common  fait,  and  fal 
cc  ammoniac : thefe  mufl  be  well  pounded,  and 
“ mixed  together,  and  the  fpaces  all  round  between 
“ the  outward  and  inward  glades  well  filled  with 
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“ This  faline  mafs,  which  fhould  be  rather  mold, 
iC  will  always  be  fo  cold,  that  the  feeds  in  the  inner 
“ glafs  will  never  differ,  during  their  voyage,  from 
“ the  heat  of  the  air. 

“ This  experiment  has  been  tried,  and  has  not 
“ failed.” 

I am,  my  Lord, 


Your  Lordlhip's 


Mod  obedient,  humble  fervant. 


John  Ellis.. 


My  Lord, 

Read  Dec.  20,^  N a letter , which  I took  the  liberty  to 
addrefs  to  your  Lordfhip,  dated  Jan. 
18,  1759,  relating  to  fome  experiments,  which  I 
had  made  to  preferve  the  acorns  of  'Engli/h  oaks  for  a 
longer  time  than  ufual,  in  a perfect  date  of  vegeta- 
tion, I there  took  notice,  that  I had  fent  fome  acorns 
of  the  cork  oak  to  the  governor  of  Georgia \ preferved 
in  much  the  fame  manner : but  as  the  fubdances  I 
made  ufe  of  for  this  purpofc  differed  a little,  I fhall 
defcribe  thofe  experiments  here  more  particularly . 

On  the  2.7th  of  Nov.  1758,  I prepared  [even  par- 
cels  of  the  acorns  of  the  cork-bearing  oak  or  ilex,  in 
the  following  manner : 


N°  1.  15  acorns,  each  covered  over  iingly  with  a 
ftiff  folution  of  gum  arable , and  afterwards 
rolled  up  in  gum  d paper. 

N°  2.  13  D°.  each  rolled  up  in  a thin  cover  of  com- 
mon yellow  becs-wax,  foftened  before  the 
lire,  and  rolled  up  afterwards,  feparately, 
in  white  paper . 

N°  3. 
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N°  3.  10  D*.  each  rolled  up,  as  before,  in  wax,  and 
afterwards  each  covered  with  a coat  of 
brewers  loam  moiftened  with  a thick  folu- 
tion  of  gum  arable. 

N°  4.  7 D°.  each  coated  with  gum  arable , and  af- 

terwards with  whiting  moiftened  with  a 
thick  folution  of  gum  arabic. 

N°  5.  27  D°.  each  coated  With,  gum  arabic , and  af- 
terwards with  brewers  loam  moijlened  with 
a thick  folution  of  gum  arabic. 

N°  6.  3 D°.  each  covered  with  gardeners  grafting 

mummy , confining  of  a mixture  of  bees- 
wax, rolin,  and  pitch. 

N°  7.  10  D°.  each  covered  with  fullers  earth  made 
into  a pajie  with  a ftiff  folution  of  gum 
arabic. 

Thefe  [even  parcels  were  all  put  into  chip  boxes, 
filled  with  dry  houfe-J'and , and  afterwards  put  into  a 
tight  cajk  ; and  arrived  in  Georgia  in  April  following. 
Governor  Ellis,  in  his  letter  to  me,  dated  from  thence 
May  6,  1759.  fays,  of  all  thefe  experiments,  none 
Jucceeded  but  the  parcel  N°  3.  which  had  firft  been 
covered  with  bees-wax , and  afterwards  with  a pafte 
made  of  loam  and  dijjohed  gum  arabic . We  even 
find,  that  thofe  that  were  covered  with  a thin  coat 
of  bees-wax , and  afterwards  with  paper , did  not  fuc- 
ceed ; as  their  covering  was  not  thick  enough  to  keep 
in  their  perfpiration.  This  was  the  cafe  with  fome 
of  the  Engli/Jo  oak.  acorns , which  I had  coated  in  the 
fame  manner  in  October  1758,  and  cut  open  in  No- 
vember la  ft  17  79;  their  kernels  being  Jhrivelld  and 
decayed : and  thofe  I had  covered  the  fame  time  with 
a mixture  of  rofm , bees-wax , and  pitch , tho’  their 

E e 2 kernels 
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kernels  were  plump  and  juicy,  yet  they,  by  this  time, 
were  turned  brown  and  rancid , by  imbibing  the 
Jleams  arifing  from  the  pitch  and  rodn,  and  were  ren- 
dered unfit  for  vegetation. 

It  may  pofiibly  be  remarked,  that  it  is  no  uncom- 
mon thing  to  receive  the  acorns  of  oaks  from  mod  of 
the  provinces  of  North  America  in  a growing  date  in 
January,  and  even  in  February  ; and  therefore  it  mav 
be  afked,  why  it  fhould  require  more  care  to  fend 
acorns  of  our  growth  thither  % 

The  reafon  of  this  appears  to  me,  that  as  the  dim- 
mer heats  of  thofe  provinces  by  much  exceed  ours  j 
fo  confequently  their  juices  being  higher  maturated , 
are  not  fo  liable  to  fhrivel  and  decay  as  ours  are ; 
which,  experience  fhews,  are  more  watery , and  le/'s 
oily  : tho’,  perhaps,  if  both  kinds  were  packed  up  in 
a dry , foapy  earth , and  could  be  carried  at  a cool fea- 
Jcn  of  the  year,  I mean  the  winter  months,  they 
might  equally  fucceed ; but,  in  this  kind  of  weather, 
we  have  Jeldom  an  opportunity  to  fend  them,  fo  as  to 
expedt  their  arrival  before  the  weather,  in  the  fouth- 
ern  parts  of  North  America,  begins  to  grow  too  warm, 
as  the  fhips  feldom  arrive  there  till  April. 

The  chefnut,  next  to  the  acorn,  being  the  mod 
difficult  to  preferve  found  during  the  courfe  of  one 
feafon,  or  a whole  year,  on  the  z^d  of  February 
175-9,  I procured  a parcel  of  Spanifio  chefnut s,  jud  as 
they  were  imported,  many  of  which  were  founder 
than  they  generally  are  fo  late  in  the  feafon  : thefe  I 
divided  into  jour  parcels , and  put  each  parcel  into  a 
fmall  earthen  jart  involving  them  in  the  following 
fubdances : 
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JarN0  i.  12  Chefnuts  in  mutton  fuet. 

2.  12  D°. in  bees- wax  and  mutton  fuet, 

equal  quantities. 

3.  12  D°.  in  bees- wax. 

4.  12  D°. in  bees- wax  and  yellow  rofin, 

equal  quantities. 

Thefe  fubftances  I melted  5 but  did  not  pour  them 
among  the  chefnuts,  till  I could  bear  my  finger  in 
them  without  the  lead:  fenfible  uneafinefs,  which  I 
considered  as  the  proper  tefl  not  to  affedt  the  kernels 
by  their  heat,  and  immediately  immerfed  the  jar  to  the 
brim  in  cold  water. 

As  this  experiment  was  made  with  a view  to  give 
thofe  gentlemen  fome  hints,  who  go  to  the  Eajl  In- 
dies, I placed  thefe  jars  in  a room,  where  they  were 
expofied  to  the  iinufual  heats  of  laft  fummer ; heat 
being  the  great  promoter  of  the  putrefactive  fermen- 
tation of  vegetables,  and  which  it  is  very  hard  for 
fuch  gentlemen  to  guard  againft,  efpecially  as  they 
are  obliged  twice  in  their  voyage  home  to  paj's  the 
equinoctial  line. 

In  order  to  examine  the  effects  of  thefe  experi- 
ments, and  to  lay  before  the  Society  a fair  account 
of  them,  I broke  all  the  jars  on  the  iid  of  November 
laft , before  fome  ingenious  gentlemen  of  the  Society, 
very  intelligent  in  thefe  matters,  and  found,  that  jar 
N°  1.  which  contained  the  chefnuts  immerfed  in 
mutton  Juety  proved  all  rotten , attended  with  a very 
difagreeable  putrid fimell.  Thofe  in  jar  N°  2.  were 
mofl  of  them  found  and  firefly  and  their  kernels  as 
white  and  fweet-tafted,  as  when  firejh  gathered. 
Thefe  were  inclofed  in  half  bees-wax,  and  half  mut- 
ton fuet,  melted  together.  Thofe  in  jar  N0  3.  were 
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equally  found  and  well -tailed,  and  had  been  inclofed 
in  bees-wax  only. 

Though  part  of  the  chefnuts  in  thefe  jars  were 
rotten ; yet  it  appeared  plainly  to  be  Giving  to  jome 
defell  in  them  when  they  were  firf  immerfed  into 
thefe  fubftances  ; mod  probably  to  the  latenefs  of 
the  feafon,  when  the  experiments  were  made. 

Thofe  in  jar  N°  4.  which  were  inclofed  in  half 
bees-wax  and  half  yellow  rofin,  were  all  turned J'of  't 
and /pongy,  of  a brown  colour,  and  a moil  di [agree- 
able tafle  and  fmell , from  the  refmous  fleams  they  had 
imbibed. 

On  the  24th  of  November  la  ft,  I planted  fix  of  the 
chefnuts  preferved  in  wax  and  fuet  (N°  2.)  and  fix 
of  thofe  preferved  in  wax  only  (N°  3.)  in  two  gar- 
den pots , and  placed  them  in  a very  fpacious  conferva- 
tory,  belonging  to  my  worthy  friend  Philip  Carteret 
Webb,  Efq*,  F.  R.  S.  at  his  feat  near  Godalmin  in 
Surry  ; where  I have  the  pleafure  to  inform  your 
Lordihip  and  this  honourable  Society,  that  many  of 
them  are  already  germinating  ; which  proves  this  me- 
thod of  prelerving  the  larger  feeds  a very  proper  one  to 
recommend  to  gentlemen  that  go  to  China , and  other 
parts  of  the  Eaft  Indies , to  preferve  many  kinds  of 
valuable  feeds  in  a date  of  vegetation  during  a voyage 
of  a whole  year , till  they  arrive  here  ; and  probably 
till  they  are  carried  to  our  fettlements  in  the  Ameri- 
can colonies. 

It  remains  then,  for  gentlemen  who  go  to  the  Ea/l 
Indies , to  place  the  feeds  they  preferve  in  bees-wax , 
or  bees-wax  and  fuet , in  the  cooleft  part  of  the  f.dpy 
to  prevent  thefe  fubdances  being  affected  with  the 
heat  of  thofe  parts,  which  far  exceeds  ours.  Perhaps 
Dr.  Linnaeus's  method  of  inclofing  them  in  a larger 
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veffel,  and  furrounding  them  with  a mixture  of  'fait s, 
defcribed  in  my  former  letter,  will  anfwer  this  end. 
He  fpeaks  with  fo  much  certainty  of  its  fuccefs,  that 
1 think  it  worth  the  trial,  efpecially  when  he  ajfures 
us  it  never  fails. 

I am,  my  Lord, 

Your  Lordfhip's 

mod;  obedient  humble  fervant, 
London,  Dec.  13.  1759.  John  Ellis. 

P.  S.  Small  feeds,  in  their  pods,  may  be  preferved 
by  being  placed  thinly  on  pieces  of  paper,  cot- 
ton or  linen  cloth,  that  have  been  dipt  in  wax, 
then  rolled  up  tight,  and  well  fecured  from  air 
by  a further  covering  of  wax. 


XXV.  7 he  Cafe  of  a very  long  Suppreffion  of 
Urine . By  Ambrofe  Dawfon,  M.  D . 
Communicated  by  William  Heberden, 
M.D.F.R.S. 

Read  Nov.  W.  aged  23  years,  tall  and  well- 

*759-  JkV  • made,  was  feized,  in  the  year  1755, 
with  a weaknefs  of  one  dde,  which  foon  went  off, 
leaving  only  one  knee  weak  and  dwelled  > for  which 
die  was  admitted  into  St.  George’s  Hofpitak 

On  the  4th  of  April,  17  yd,  fhe  had  a ffoppage  of 
urine,  and  felt  no  difpofition  to  make  any  for  two 
days.  During  the  whole  month  of  April,  the  dif- 
charge  of  urine  was  very  irregular,  it  having  ceafed 
at  one  time  for  five  days,  and  at  another  time  for 
nine  days.  When  the  catheter  was  introduced,  little 
or  no  urine  was  found  in  the  bladder. 

3 1,1 
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In  order  to  relieve  her,  die  had  been  dire&ed  to 
ufe  both  the  warm  and  cold  bath,  bleeding,  purging, 
turpentine  clyders,  and  a drong  infufion  of  pareira 
brava,  without  any  fuccefs : cantharides  had  like- 
wife  been  given  her  to  the  quantity  of  three  grains  in 
a dofe ; and  this  dofe  had  been  repeated  four  times 
in  24  hours ; but  without  any  other  effedt  than  that 
of  occafioning  pains  in  her  throat,  domach,  and 
bowels,  with  vomiting  and  purging.  A wet  towel 
put  round  her  waid,  feemed  to  do  the  moil  good, 
and  brought  away  fome  water  two  or  three  times ; 
but  afterwards  ceafed  to  have  this  effect. 

From  the  26th  of  April,  1756,  die  made  no  wa- 
ter, and  felt  no  want  of  making  it,  for  many  months ; 
yet  all  this  time  (lie  could  eat  once  or  twice  a day, 
and  was  able  to  walk  and  ride.  She  was  fparing  in 
the  ufe  of  liquids ; die  had  but  little  deep,  no  fweats, 
and  her  ddn  had  no  urinous  fmell  : her  breathing 
was  often  very  laborious,  with  a dry  cough : the  ca- 
tamenia were  irregular : there  were  oedematous  fwell- 
ings  in  her  limbs,  abdomen,  hips,  and  face ; but,  by 
the  help  of  purges,  and  fpontaneous  vomitings,  which 
began  in  the  third  month  of  the  luppredion,  thefe 
dwellings  were  tolerably  kept  under.  She  vomited 
fometimes  every  day,  and  fometimes  only  every  third 
or  fourth  day;  arid  tho’  thefe  vomitings  ufually  came 
on  prefently  after  dinner,  yet  what  die  vomited  feem- 
ed to  be  mere  urine,  without  any  thing  which  die 
had  eaten  mixed  with  it.  In  the  beginning  of  June 
1 757,  the  nipples  of  her  breads  chopped,  and  dif- 
charged  fometimes  a watery  humour,  fometimes  a 
thick  matter,  dreaked  with  blood,  and  fometimes  a 
humour  approaching  to  the  colour  of  urine : all  thefe 

dil- 
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difcharges  had  an  urinous  fcent,  and  feemed  to  leffen 
her  urinous  vomitings,  which,  from  this  time,  be- 
came lefs  frequent : but  her  legs,  and  efpecially  her 
body,  fwelled  to  an  extraordinary  fize,  and  the 
breathed  with  the  utmoft  difficulty. 

On  tbe  firft  and  fecond  of  Auguft,  175*7,  after  a 
total  fuppreffion  of  urine  for  above  a year  and  three 
months,  fhe  felt  uncommon  pricking  pains,  with 
great  heat  all  down  her  back  and  loins,  and  about 
the  belly  and  groin.  On  the  fecond  day,  fhe  voided 
about  three  ounces  of  thick,  flimy  matter,  attended 
with  {harp  pains  in  the  urinary  paffages : this  water 
was  not  high-coloured.  The  next  day,  fhe  made 
water  of  a truly  urinous  kind  with  lefs  pain ; and  con- 
tinued to  make  a little  water  every  day,  the  pain  daily 
decreafing ; and  on  the  7th  fhe  voided  about  a pint. 

Since  this,  the  has  often  had  a fuppreffion  of  urine 
for  ten  or  fourteen  days ; and  it  once  lafted  two 
months,  during  which  fhe  had  no  vomiting  ; but  her 
body  was  very  much  fwelled.  In  July  17,59,  accord- 
ing to  her  own  account,  fhe  did  not  ufually  make 
above  half  a pint  in  24  hours;  and  fometimes  fcarce 
fo  much  in  two  days.  The  catamenia  were  then  ir- 
regular ; her  fleep  fliort,  and  diffurbed  ; fhe  had  very 
little  appetite  ; her  legs  fwelled  ; and  the  reft  of  her 
body  wafted. 
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XXVI.  Several  Accounts  of  the  fery  Meteor , 
which  appeared  on  Sunday  the  26 th  of 
November,  1758,  between  Eight  and 
Nine  at  Night ; colle&ed  by  John  Pringle, 
M.  D.  F.  R . X. 


Read  Feb.  INCE  the  paper  concerning  the  me- 
teor,  of  November  1758,  was  read  at 
the  Society,  I have  been  favoured  with  feveral  more 
obfervations  relating  to  the  fame  appearance,  which  I 
have  connected  with  the  former  in  fuch  a manner, 
as  that  we  may  now  trace  the  courfe  of  that  body, 
from  the  fouth  northwards,  over  a confiderable  part 
of  this  ifland ; and  at  the  fame  time  form  a better 
judgment  of  its  figure,  height,  magnitude,  and  velo- 
city, than  what  could  be  drawn  from  the  firft  ac- 
counts only.  At  prefent,  I fhall  lay  before  the  So- 
ciety all  the  inquiries  I have  made  on  this  fubjedl,  and, 
in  another  paper,  I fhall  offer  a few  remarks,  con- 
taining the  refult  of  thefe  obfervations. 


I.  I faid  at  firff,  that  I had  not  heard,  that  this 
body  was  obferved  any- where  fouth  of  London,  ex- 
cept at  Silchefter  ; but  having  fince  read  in  one  of  the 
Magazines,  that  it  was  feen  at  Plymouth,  I wrote  to 
Mr.  Mudge,  Surgeon  in  that  place,  to  be  informed 
about  the  truth  of  that  article;  who  anfwcred, Cc  That 
“ he  had  made  every  inquiry  in  his  power  with  re- 
“ gard  to  the  meteor,  and  could  find  but  two  per— 
“ fons  who  pretended  to  have  feen  it,  and  thofe  to- 
“ tally  difqualihed  from  giving  him  any  fatisfadwy 

“ account 
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**  account,  either  as  to  its  magnitude,  direction,  the 
££  angle  with  the  horizon,  or  degree  of  light:  that 
££  they  only  faw  in  general  (after  the  body  of  the 
££  meteor  had  palled)  a red  glaring  fialh,  which 
<£  feemed  rather  to  excite  aftonilhment  in  them  than 
Ct  curiofity.  In  lliort,  that  nothing  more  could  be 
££  colledted,  than  that  it  was,  or  might  have  been, 
££  feen  at  Plymouth.” 

Some  time  after,  Mr.  Mudge  favoured  me  with 
another  letter ; in  which  he  fays,  £c  I think  I can 
££  now  venture  politively  to  fay  the  meteor  was  not 
££  feen  at  Plymouth.  Belides  a very  minute  and  par- 
££  ticular  fcrutiny  among  the  people  of  the  town,  as 
££  I was  apprehenlive  the  narrownefs  of  the  ftreets, 
<£  and  height  of  the  houfes,  might  have  been  the 
'<£  caufe  of  their  not  obferving  it,  the  Lieutenant* 
“ governor  was  fo  obliging,  at  my  requell,  to  fend  a 
“ ferjeant  to  inquire  of  every  foldier  in  the  garrifon ; 
££  and  as  fome  of  them  mud  have  been  on  centinel 
££  duty  that  evening,  I am  thoroughly  perfuaded,  if 
t£  the  meteor  had  appeared  above  their  horizon,  it 
<c  could  not  have  efcaped  them,  as  the  garrifon  is 
££  lituated  on  an  eminence,  and  the  profpedt  bounded 
<l  by  the  fky  only.” 

Dr.  Huxham  alfo  acquainted  me,  that  he  did  not 
believe  the  meteor  had  been  feen  at  Plymouth. 

II.  The  reverend  Dr.  Shipley,  minider  of  Silchef- 
ter  in  Hamplhire,  a parida  about  qf  miles  * W.  S.W. 


* Unlefs  where  it  is  otherwife  exprefled,  I would  be  underftood 
to  ufe  all  along  the  ftandard  Engliih  meafure  of  69^  miles  to  a 
degree. 
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of  London),  told  me,  “ That  he  had  not  a view  of 
“ the  meteor  himfelf,  but  had  converfed  with  three 
cc  countrymen,  his  parifhioners,  who  had  feen  it: 
“ that  they  had  all  agreed  in  obferving  the  light  to 
u be  greater  than  that  of  moonfhine ; and  that  one 
*{  of  them,  in  particular,  faid,  it  was  fo  great  that  he 
“ could  eafily  have  feen  a pin  lying  on  the  ground : 
“ that  the  body  at  firb  was  like  a large  fhooting  bar, 
“ but  with  a flower  motion : that  its  direction  was 
“ northerly:  that,  during  its  progrefs,  it  increafed  in 
“ fize,  leaving  a bream  of  light  behind  ; and  at  lab, 
“ as  it  declined  to  the  horizon,  its  lower  part  became, 
“ in  appearance,  as  broad  as  his  hand,  whilb  the 
“ length  of  the  whole  feemed  to  be  about  five  feet, 
“ of  a conical  figure,  ending  in  a point  upwards : 
u that,  before  it  reached  the  horizon,  it  burb  into  a 
“ flame,  refembling  a flafh  of  lightning,  and  then 
“ immediately  difappeared  Dr.  Shipley  going  to 
the  fpot  where  the  obferver  had  bood,  and  making 
him  point  to  fome  trees  at  a dibance,  over  which,  he 
faid,  the  meteor  difappeared,  the  Dobor  found,  by 
taking  the  altitude  with  an  inbrument,  that  it  had 


* From  this  obfervation  it  appears,  that  the  ftream  of  light, 
called  the  tail,  was  not  feen  at  fiift  ; probably  becaufe  the  meteor 
was  in  too  high  a region  for  the  air  to  make  any  refiftance  to  the 
flame;  but  when  the  body  defcended  lower,  then  the  air,  tho’  ftill 
extremely  rarified,  yet,  from  the  extraordinary  velocity  of  the  me- 
teor, would  make  fome  oppohtion  to  it,  and  drive  the  flame  back- 
wards to  form  the  tail.  That  the  meteor  defcended  obliquely,  will 
be  more  fully  fhewn  afterwards,  tho’  the  circumftance  mentioned 
above  of  a conical  figure  ending  in  a point  upwards,  as  it  declined 
towards  the  horizon,  is.  one  proof  of  that  fab.j 
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been  extingulfhed  about  i°  15'  above  the  horizon, 
then  bearing  35-°  weffward  of  the  north  f. 

III.  As  for  this  city,  and  the  parts  adjacent,  all  I 
could  learn  was  likewife  from  a Magazine ; in  which 
it  was  faid,  “ That  the  meteor  was  feen  by  three 
tc  gentlemen  in  Chelfea-fields.”  It  is  probable,  that, 
on  that  evening,  the  air  was  foggy  hereabouts,  or 
that  there  was  no  wind  to  carry  off  the  fmoak ; for 
thefe  circumftances  will  eafily  enough  account  for 
there  being  no  notice  at  ail  taken  of  that  body  in  Lon- 
don, and  that  it  was  fo  little  heard  of  in  the  neigh- 
bourhood.. 

IV.  Having  heard  it  was  feen  at  Colcheffer  in 
Elfex,  I defired  the  favour  of  Mr.  Windham  Bowyer, 
commiffioner  of  the  excife,  to  employ  fome  of  the 
officers  of  that  diftrifft  to  procure  what  intelligence 
they  could  about  its  appearance  there.  Accordingly 
Mr.  Wigfon,  collector  at  Colcheffer,  informed  Mr. 
Bowyer,  in  anfwer  to  the  queries  fent  him,  tc  That 
“ he  had  found  a perfbn  who  had  feen  the  meteor, 
<c  on  the  26th  of  November,  about  eight  in  the 
“ evening;  and  who  faid,  that  its  direction,  to  the 


f This  bearing  carries  the  meteor  about  a point  farther  to  the 
weftward  than  what  is  coniiftent  with  the  common  maps,  and  feve.- 
ral  of  the  following  obfervations. 

Upon  the  fuppofition  that  the  obferver  was  tolerably  exaft  in 
pointing  out  the  apparent  altitude,  at  which  the  meteor  difappeared, 
and  that  it  was  extinguifhed  when  nearly  perpendicular  to  Fort 
William  (in  the  Highlands  of  Scotland),  as  fhall  be  (hewn  after- 
wards, then,  allowing  22  miles  for  the  curvature  of  the  earth,  and 
a diftance  of  420  miles  between  Silchefter  and  Fort  William,  the 
real  height  of  this  body,  at  its  difappearance,  was  about  32  miles. 

" beft 
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<c  heft  of  his  judgment,  was  about  fouth-eaft  ; that 
“ the  apparent  diameter  of  the  body  was  about  five 
<c  or  fix  inches,  not  fo  large  as  the  moon  when  at 
“ at  the  higheft,  but  more  bright ; that  the  meteor 
left  a train  of  light  behind  it  j that  its  progrefs  was 
“ extremely  fwift ; that  no  explofion  was  heard 
“ when  it  difappeared  ; and  that  he  did  not  perceive 
<c  it  to  break  into  liars  in  the  manner  of  a rocket.” 
Finding  this  account  difagreed  fo  much  with 
thofe  I had  received  from  other  parts,  with  regard 
to  the  courfe,  I wrote  to  Mr.  Wigfon,  begging  he 
would  once  more  fee  the  perfon,  and  defire  him 
to  point  out  the  path  of  the  body,  in  order  that  I 
might  be  fatisfied  he  had  not  been  miftaken  about  its 
motion  to  the  fouth-eaft ; and,  in  return  to  my  let- 
ter, that  gentleman  acquainted  me,  “ That  he  had 
“ again  converted  with  the  obferver,  who  ftill  per- 
“ filled  in  defcribing  the  courfe  of  the  ball  from  the 
“ north-weft  to  the  fouth-eaft ; adding,  that  it  ap- 
“ peared,  at  its  greateft  height,  to  have  the  fame  alti- 
<c  tude  which  the  fun  then  had  (March  12),  at  10  in 
“ the  morning  * ; but  that  it  inclined  to  the  horizon 
<l  with  great  rapidity,  and  difappeared  intirely,  with- 
<c  out  difperfing,  feeming  to  him  to  fall  into  a wood.” 
Mr.  Wigfon  concluded  with  obferving,  “ that  as  this 
cc  man  was  at  that  time  on  a journey  from  Thorp 
“ to  Colchefter,  he  might  eafily  be  deceived  as  to  the 
“ points  of  the  compafs,  by  the  windings  of  the 
tc  road.” 

V.  In  tracing  the  progrefs  of  this  body  north- 
wards, I was  favoured  with  the  following  letter  from 


* Vi*,  about  320. 
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the  reverend  Mr.  John  Michell,  fellow  cf  Queen’s 
College,  Cambridge.  “ I promifed  to  fend  you  what 
“ further  account  I could  get  from  the  perfon  here, 
<c  a glazier  by  trade,  who  faw  the  meteor  of  the 
“ 26th  of  November.  I walked  yederday  along 
“ with  him  to  the  place  where  he  was  when  he  faw 
“ it,  taking  with  me  a quadrant,  to  meafure  fuch 
cc  altitudes  as  he  was  able  to  give  me  from  his  me- 
“ mory,  and  a compafs  to  take  the  bearing.  The 
“ firif  appearance,  by  the  account  he  gave  me,  was 
,c  at  lead:  70°  high,  and  it  appeared  to  move  diredtly 
“ perpendicularly  * **,  till  it  came  down  to  the  horizon, 
“ where  it  palled  between  two  trees,  which  he  point- 
“ ed  out  to  me  : this  lad  place  of  its  appearance  wa3 
“ 2 30  wed  of  the  north  from  the  place  where  he 
“ dood ; and,  as  we  were  at  lead  a mile  aidant 
“ from  the  trees,  I believe  you  may  depend  upon  that 
4C  bearing  to  a degree  or  two  at  mod.  The  whole 
“ time  of  the  appearance  was  (as  near  as  my  informer 
can  guefs),  as  long  as  he  diould  be  in  walking  near 
“ 400  yards;  but  in  this,  1 imagine,  he  is  fomewhat 
“ deceived,  as  I think  I can  colled!,  both  from  his 
tc  own  account  of  it,  and  that  of  another  perfon  who 
<c  was  with  him,  the  time  was  much  fhorter.  The 
ic  head,  which  went  foremod  (PlateVII.  Fig . 1.) 
<c  was,  by  the  defcription,  of  a bright  white,  like 
“ iron,  when  almod  of  a melting  heat ; but  it  emit- 


* In  a.  fecond  letter,  Mr.  Michell  fays,  “ He  afked  the  obferver 

**  feveral  times,  whether  the  direction  of  the  meteor  did  not  vary 
c4  to  the  right  or  left ; and  that  he  had  allured  him,  that,  accord-* 
“ ing  to  the  belt  of  his  judgment,  it  appeared  to  move  exactly  per- 
« pendicularly  ; whence  it  mult  have  crofled  the  meridian  in  the 
“■  zenith,  and  moved  in  a great  circle  with  regard  to  Cambridge.” 

“ ted 
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ted  no  fparks,  as  iron  does  in  that  ftate.  The  head 
“ was  about  half  the  diameter  of  the  moon,  and,  till 
t{  it  had  defeended  to  within  about  14.0  of  the  hori- 
“ zon,  was,  as  I apprehend  by  the  account,  fome- 
<c  what  lefs  in  the  vertical  than  in  the  horizontal  dia- 
meter;  but,  from  14, 0 high,  it  was  at  its  utmoft 
<J  fplendor,  and  round,  and  continued  fo  till  it  difap- 
<J  peared.  The  tail  was  about  a fifth  part  of  the 
<£  breadth  of  the  head  (Fig  1.),  and  when  the  head 
“ was  about  27°  high,  was  at  the  longed::  the  length 
“ then  might  be  fomewhat  more  than  8°,  which 
<c  was  the  mean  length.  The  colour  of  the  tail  was 
<c  a dufkifh  red,  about  the  colour  of  red-hot  iro^ 
“ all  of  a breadth,  not  pointed.  When  the  head  was 
<c  about  6°  or  70  high  *,  the  tail  burft,  as  my 
“ informer  exprefied  it,  and  the  brightnefs  of  the 
“ light  dazzled  his  eyes ; after  which  the  tail  difap- 
“ peared,  and  in  the  room  of  it  there  were  three 
“ liars,  all  contained  within  the  compafs  of  a little 
<l  more  than  one  degree  from  the  head  ( Fig.  2 .) ; and 
they,  together  with  the  head,  defeended,  keeping 
**  their  due  diftance,  till  below  the  horizon  T. 
u The  diameter  of  thefe  flars  was  nearly  the  fame 
“ with  the  diameter  of  the  tail,  viz.  about  3';  but  they 
u were  of  the  fame  colour  as  the  head.  The 
“ brightnefs  of  the  light  was  fo  great,  that  ( accord - 


* Suppofing  this  angle  of  elevation  juft,  the  real  height  of  the 
meteor,  when  the  tail  broke  off,  over  the  (hire  of  Lanerk  in  Scot- 
land, was  about  42  miles,  allowing  for  the  curvature  of  the  earth. 

f This  circumftance  of  the  head’s  falling  under  the  horizon 
might  have  been  a deception  ; for  at  Silchefter,  which  was  at  a 
greater  diftance,  the  head  difappeared  before  it  came  to  the  hori- 
zon ; but,  perhaps,  the  horizon  was  clearer  and  lower  there  than 
at  Cambridge. 

3 “ *ng 
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ing  to  the  account  I received)  one  might  fee  to 
“ pick  lip  a pin,  and  fome  noife  was  heard;  but  of 
this  latter,  at  lead:,  I a little  doubted,  imagination 
££  being  able  to  help  out  a good  deal  in  fuch  cafes. 
££  The  appearance  was  about  half  an  hour  after  eight 
“ in  the  evening,  on  a Sunday ; but  the  day  of  the 
££  month,  or  the  month  itfelf,  the  man  does  not 
“ certainly  remember.  This  is  all  the  account  I have 
<£  been  able  to  procure.  The  heights,  &c.  I could  at 
u firfl:  only  get  in,  as  long  as  from  here  to  that  hedge ; 
tc  as  broad  as  a hat  crown ; as  thick  as  my  wrijl ; and 
££  about  as  long  as  a broom-faff : but,  as  I thought  thefe 
t£  would  give  you  no  more  ideas  than  they  gave  me,  I 
t£  defired  my  man  to  point  out  in  the  heavens,  as  near 
<£  as  he  could  guefs,  clouds,  &c.  of  the  fame  lize, 
C£  and  then  I meafured  them  with  a quadrant,  and 
a the  refult  of  thefe  meafures  is  what  I have  fent 
<£  you.” 

VI.  Purfuing  the  progrefs  of  the  meteor  north- 
wards, my  next  information  was  from  Manchefter. 
Mr.  Lloyd,  of  that  place,  Fellow  of  the  Royal  So- 
ciety, wrote,  that  tho’  it  had  been  feen  there  by  fe- 
veral,  the  only  tolerable  account  he  could  fend  me 
from  that  country,  was  from  Lord  Derby’s  head  gar- 
diner  ; who  faid,  ££  As  he  was  returning  from  Liver- 
<c  pool  to  Know  (ley  (a  place  at  7 or  8 miles  diftance), 
£<  about  eight  in  the  evening,  he  was  furprifed  by  a 
£c  fudden  glare  of  light ; and  that  hefoon  faw  a ball 
c£  of  fire  appearing,  of  half  the  breadth  of  the  moon, 
ec  moving  horizontally  eaftward  *,  a little  inclined  to 

* This  perfon,  like  the  traveller  between  Thorp  and  Colchefter, 
has  probably  been  deceived  in  the  direction  by  the  windings  of  the 
road. 
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“ the  north,  with  a hiding  noife  : that  a train  oF  light, 
“ like  a tail,  followed  it,  which  being  foon  collected 
“ into  the  body,  it  burft,  ana  part  feemed  to  fall  down 
“ like  ftars,  and  the  reft  vanifhed.  He  thought  the 
“ whole  appearance  continued  about  two  minutes.” 

VII.  Mr.  Lloyd  added  what  follows  from  the 
Liverpool  News-paper,  dated  i ft  of  December,  1758. 
<£  On  Sunday  laft  was  feen  in  Weft  Derby  *,  by  fe- 
(l  veral  credible  perfons,  between  9 and  10  o’clock 
“ at  night,  a ball  of  fire,  which  arofe  in  the  eaft,  and 
“ appeared  to  increafe  in  fize  for  fome  time,  and  then 
“ but  ft,  without  noife.  Its  direction.  was-  to  the 
“ northward.” 

VIII.  Cockermouth,  in  Cumberland,  is  about  8d 
miles  north  by  weft  of  Liverpool.  Mr.  Muncafter, 
of  that  town,  fays,  in  a letter  to  a friend  in  London, 
“ That  the  meteor  paffed  over  that  place  *)-  about 
“ nine  in  the  evening,  on  November  the  adth,  with 
“ a very  great  velocity,  towards  the  north- weft  ; that 
“ it  gave  fo  ftrong  a light,  that  the  fmalleft  thing 
“ might  have  been  feen  on  the  pavement ; and  that  it 
a difappeared  in  lefs  than  a minute  : that  the  globe  of 
<c  fire  appeared  as  large  as  the  moon  when  fhe  is  high, 
<c  but  much  brighter;  and  had  a tail  of  a conical 
<(  form  ; but  that  they  did  not  obferve  any  fparks  or 


* The  diftrid  fo  called  of  Leverpool. 

t Over  that  place.  This  expreflion  we  are  not  to  underftand 
here  in  the  ftridteft  fenfe,  more  than  when  ufed  by  the  obferver  at 
Carlifle  : befides,  as  the  meteor  really  paffed  within  a few  miles  of 
the  vertical  points  of  both  thofe  places,  and  probably  was  at  that 
time  above  60  miles  high,  it  could  not  appear  to  decline  much  from 
the  zenith. 
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u ftars  fall  from  it,  like  thofe  which  are  feen  on  the 
“ burfting  of  a rocket  j nor  did  they  hear  any  ex- 
<c  plolion.’ 

IX.  From  Carlille,  which  lies  about  26  miles  N.  E. 
of  Cockermouth,  the  account  I received  was  more 
particular,  and  for  which  I was  obliged  to  Mr.  James 
Hewit,  wine-merchant  of  that  city,  who  not  only 
had  a view  of  the  meteor  during  part  of  its  courfe, 
and  heard  a report,  but,  at  my  requeft,  fome  time 
after,  took  the  trouble  to  meafure  the  height,  at  its 
apparent  elevation  when  he  faw  it,  and  at  its  extinc- 
tion, from  the  memory  of  another  perfon,  who  had 
a light  of  it  to  the  laft.  I fhall  give  the  fubftance  of 
feveral  of  his  letters  on  this  fubjedt,  in  his  own  words. 
<c  The  diredtion  of  the  meteor  was  from  fouth-eaft 
<c  to  north-weft.  It  did  not  appear  in  a globular 
<£  form,  as  it  paffed  over  Carlille ; but  tapered  in  the 
££  manner  reprefented  in  Fig.  3.  Its  head  feemed 
£C  to  be  about  14  inches  in  diameter,  and  its  length, 
££  from  head  to  tail,  about  5 yards.  It  appeared  much 
<£  brighter  than  the  moon,  and  lightned  the  atmo- 
£c  fphere  to  fuch  a degree,  that  a perfon,  who  ftood 
££  in  the  ftreet,  could  eafily  have  diftinguilhed  the 
tC  difference  between  a fmall  needle  and  a pin,  if 
££  they  had  been  lying  on  the  ground  before  him.  It 
££  emitted  feveral  iparks  as  it  went  along,  and  con- 
£<  tinued  in  fight  about  25  feconds.  About  a minute 
££  after  it  difappeared,  there  were  two  explolions  im- 
£C  mediately  following  one  another,  of  a hollow 
££  noife,  as  loud  . as  the  report  of  a cannon  at  2 or  3 
£t  miles  diftance  ; and,  immediately  after  the  explo- 
££  lions,  there  was  heard  a confufed  rumbling  noife 
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“ in  the  air,  which  continued  at  lead:  20  feconds;  at* 
“ the  fame  time  I could  perceive  no  wind,  and  the 
“ ftars  were  remarkably  bright.  As  for  the  greateft 
“ altitude,  which  you  defire  to  be  informed  about,  as 
“ I could  very  well  retain  that  in  my  head,  a gentle- 
<c  man  in  town,  and  myfelf,  took  that  height  with  a 
“ theodolite,  by  pointing  the  inftrument  to  that  part 
“ of  the  heavens  I faw  the  meteor  in ; and  in  this  I 
“ could  be  very  exatft,  as  I took  particular  notice  of 
“ its  apparent  elevation  above  a certain  high  houfe 
“ it  feemed  to  pafs  over.  We  found  the  greateft 
“ height  to  be  32  degrees  above  the  horizon,  on  a 
“ vertical  circle;  and  41  degrees  from  the  north  to- 
£f  wards  the  weft  *.  As  I did  not  myfelf  fee  the  me- 
“ teor  extinguished,  by  reafon  of  fome  houfes  that 
“ were  in  the  way,  I found  a perfon  in  this  neigh- 
“ bourhood,  who  had  feen  it  to  the  laft  j and  getting 
“ him  to  point  to  that  part  of  the  heavens  where  it 
“ difappeared,  we  alfo  took  that  height  with  the 
“ theodolite,  and  found  it  eight  degrees  *f\  This 
ct  man  feeming  to  be  pretty  fure  of  his  pointing  to  the 
“ very  place  in  queftion,  I believe  you  may  depend 
“ on  the  obfervation  as  tolerably  juft.  As  for  the 
<{  figure  (Fig.  3.),  you  have  it  as  correct  as  I could 


* It  appears  by  this  obfervation,  that  the  meteor  being  fo  low 
as  32%  it  mud  have  palled  the  town  a great  way  before  Mr.  Hewit- 
got  a fight  of  it. 

f The  meteor  being  extinguifhed  when  perpendicular  to  Fort 
William  (as  will  appear  by  a fubfequent  obfervation),  at  the  appa- 
rent altitude  of  8°  at  Carlifle,  makes  the  real  height  at  Fort  Wil- 
liam to  have  been  between  26  and  27  miles,  allowance  being  made 
for  the  curvature  of  the  earth,  of  3*  miles,  between  thefe  two 
places. 
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:t  make  it ; only,  perhaps,  I have  added  too  many 
se  fparks,  as  I doubt  there  did  not  fo  many  iftue  from 
cc  the  tail.  The  meteor  did  not  difcharge  any  fparks 
cf  nearer  the  thick  end,  than  are  defcribed  in  the 
ee  figure ; but  thofe  it  did  emit,  darted  from  it  with 
cc  an  aftoniftiing  velocity.  In  anfwer  to  what  you 
cc  require  in  your  laft  (viz.  whether  the  path  of  the 
* t£  meteor  was  to  the  eaftward  or  weft  ward  of  Car- 
<c  lifle  ?)  my  fituation,  when  I faw  it,  was  near  the 
tc  center  of  the  town  ; and  the  bearing  of  that  part  of 
tc  the  houfe,  over  which  I faw  it,  was  410  from  the 
<£  north  towards  the  weft;  and  as  its  progrefs  ap- 
££  peared  on  the  left  fide  of  me  when  facing  the  faid 
te  houfe,  the  path  was  confequently  weft  of  me,  and 
££  of  any  part  of  this  city 

X.  Mr.  Jonathan  Ormifton,  merchant  at  New- 
caftle,  favoured  me  with  all  the  information  he  could 
procure  in  that  part  of  the  country.  It  conlifted  of 
an  abftradt  from  the  Newcaftle  Journal,  and  the  copy 
of  a letter  from  Mr.  Martin  Doubleday,  one  of  his 
friends  near  Durham,  whom  he  calls  a gentleman  of 
fenfe  and  knowledge.  The  article  from  the  Journal 
is  as  follows.  <c  Newcaftle,  26th  of  November, 
“ 175-8.  This  night  a furprifing  large  meteor  was 
“ feen  here,  juft  about  nine  o’clock,  which  pafted  a 
<c  little  weft  ward  of  the  town,  diredtly  to  the  north, 
<x  and  illuminated  the  atmofphere  to  that  degree  for 
i£  near  a minute,  that,  tho’  it  was  dark  before,  one 


* From  this  laft  circumftance,  compared  with  obfervations  V. 
and  XIII.  we  are  enabled  to  judge  nearly  of  the  true  path,  which 
muft  have  run  from  Cambridge  acrofs  the  Solway  frith,  between 
Carlille  and  Dumfries,  and  by  Obf.  X-VI,  on  to  Fort  William. 

<(  might 
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<c.  might  have  taken  up  a pin  in  the  ftreet.  Its  velo* 
“ city  was  almoft  inconceivably  great ; anditfeemed 
“ near  the  fize  of  a man’s  head.  It  had  a tail  about 
“ two  or  three  yards  long  ; and,  as  it  patted,  fome 
fay  they  faw  fparks  of  fire  fall  from  it.  It  appeared 
<c  low  in  the  atmofphere  ; and  we  are  advifed  from 
cc  Edinburgh,  that  it  patted  over  that  city  * juft  about 
<c  the  fame  time,  had  the  fame  appearance,  and 
“ moved  in  the  like  direction.” 

Mr.  Doubleday’s  letter. 

XI.  “ On  the  ^6th  of  November  laft,  about  a 
<c  quarter  before  nine,  as  I was  fitting  writing  by 
“ candle-light,  with  my  face  towards  a window 
cc  fronting  the  north-weft,  I was  furprifed  by  a fud- 
cc  den  and  extraordinary  light,  and  ftepping  haftily 
<c  to  the  window,  faw  the  refemblance  of  a large 
<c  fky-rocket,  falling  and  burfting  into  fparks  of  fire, 
<c  which  became  more  fcattered  in  its  defcent,  and 
<c  feemed  to  be  quite  fpent  by  that  time  it  reached 
tc  the  horizon  (which  it  did,  as  near  as  I could  guefs, 
tc  due  north  J),  its  path  appearing  luminous  to  a 
“ confiderable  diftance  from  the  fcattered  parts, 
<c  which  with  it  were  not  difperfed,  but  as  if  con- 
<c  fined  between  two  parallel  ftreight  lines.  The 
<c  greateft  height  of  its  luminous  path,  when  I firft 
faw  it,  was  2f  degrees  above  the  horizon,  N.  W. 
tc  by  N.  I heard  no  noife  at  the  time,  nor  after  j 


* By  the  accounts  I had  from  Edinburgh,  it  was  not  nearly  ver- 
tical there. 

X The  head  of  the  meteor;  feen  from  this  gentleman’s  houfe, could 
not  reach  an  unobftru&ed  horizon,  nor  be  feen  due  north  by  3 or 
4 points,  coufiftently  with  moft  of  the  other  obfervations. 


and 
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a and  I conclude  from  its  appearance,  that  it  mull 
£<  have  begun  to  burft  before  I faw  it.”,’ 

Dated  from  Butterby,  about' a mile 
fouth  of  Durham  *. 

XII.  Mr.  Blake,  Fellow  of  the  Royal  Society, 
fent  me  the  obfervation  of  the  reverend  Mr.  Wil- 
liam Henderfon,  vicar  of  Felton  (a  village  about 
24  miles  N.  N.  V/.  of  Newcaftle)  j who  fays,  <c  That 
“ the  night  was  dark  and  calm ; that  as  he  was  go- 
fi  ing  home  (a  little  after  nine),  about  20  yards  wed: 
<c  of  the  bridge,  the  road  was-infiantly  fo  much  en- 
f<  lightened,  that  he  might  have  feen  to  take  up  a pin  • 
u that  the  globe,  to  the  eye,  was  about  the  fize  of  a 
<c  ball  of  6 or  7 pounds  Weight  that  he  could  not' 
<c  guefs  at  its  difiance  from  the  earth,  but,  during’ 
“ the  fiiort  time  he  faw  it,  he  imagined  he  heard  it 
<c  whizz  over  his  head  •f-';  that  it  had  a tail  like  that 
u of  a comet,  almofi  a yard  in  length,  perpetually 
<£  emitting  fparks  of  fire ; that  the  time  of  obfervation 
u was  very  fhort,  on  account  of  a great  hill  that  rifes 
<c  on  the  fouth  fde  of  the  river  Coquet,  and  of  a 
<c  clump,  of  trees  on  the  north  fide,  which  obltrudbed 
“ his  view ; that  its  velocity  was  great,  for  that  it 
£c  did  not  continue  in  fight  above  f or  6 feconds ; and 
C{  that  its  courfe,  as  near  as  he  could  judge,  was  to 
“ the  north- weif.” 


* Durham  is  about  59  miles  from  Carlifle  eaftward. 

J The  obferver  probably  means  a cannon  ball  of  a fix-pounder, 
t This  found  muft  "have  been  a deception,  as  fiiall  be  fhewn 
afterwards. 


Thefe 
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Thefe  were  all  the  accounts  of  the  progrefs  of  tho 
meteor,  which  I could  procure  in  England  : I (hall 
next  lay  before  the  Society  the  obfervations  I have 
had  from  Scotland;  and  as  I have  begun,  I fhall 
continue  to  trace  the  appearance  from  the  fouth  north- 
wards. 

XIII.  Dr.  Gilchrift,  phyfician  at  Dumfries  (which 
lies  a few  miles  north  of  the  Solway  frith,  and  about 
50  miles  N.  W.  by  W.  of  Carlifle),  acquainted  me, 
“ That  the  belt  account  he  could  get  of  the  meteor 

(which  he  did  not  fee  himfelf),  was  from  a young 
cc  man  of  that  place,  who,  in  common  affairs,  was 
c<  fenlible  and  diftindt.  This  perfon,  on  the  26th  of 
et  November,  1758,  in  the  evening,  being  in  a room  on 
“ a firft  floor,  which  had  the  windows  to  the  north- 
cc  eaft,  was  furprifed  by  an  extraordinary  light,  and, 
“ running  to  one  of  the  windows,  faw  a large  fiery 
u body,  like  red-hot  iron.  It  appeared  to  him  as  large, 
<£  and  as  long,  as  a middle-flzed  man,  the  fore  part 
“ broadeft  ; its  progrefs  was  from  S.  E.  toN.W.  part 
“ of  the  tail  feparated  from  the  reft,  but  he  ftill 
“ thought  it  followed  the  body  for  a little  fpace,  and 
“ then  it  burft  like  gunpowder,  tho’  without  noife,  and 
<c  fell  down  in  fparks  of  fire,  whilft  the  body  kept  on 
<c  its  courfe  * ; but  which  he  immediately  loft  fight 
“ of,  by  a houfe  of  two  ftories  high  that  intervened.” 
The  dodtor  faid  further,  that  the  fame  perfon  formed 
his  judgment  of  its  height  “ from  one  of  the  fteeples 
“ of  the  town,  a hundred  feet  high;”  but,  as  the 


* The  eircumftances  contained  in  this  paragraph  agree  perfe&Iy 
with  the  account  of  the  farmer  at  Ancram.  See  Obf.  XVI. 
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diftance  of  this  fteeple  from  the  obferver  is  not  men- 
tioned, nothing  can  be  made  of  the  apparent  altitude 
from  that  defcription,  more  than  of  the  diftance  eaft- 
ward,  cc  which,  letting  fall  a perpendicular  from  the 
u meteor,  he  imagined, was  not  above  a good  gunftiot 
“ from  him.” 

Dr.  Gilchrift  added,  “ That  a young  lady  of  his 
“ acquaintance,  happening  to  be  in  the  ftreet  near  the 
fc  fame  place,  faw  the  meteor  likewife,  and  defcribed 
“ it  as  a ball  of  fire,  about  the  bignefs  of  the  fun, with 
<c  a tail  j and  the  length  of  the  whole  as  longer  than 
“ one’s  arm.  She  faid,  it  was  almoft  over  her  head  *, 
tc  higher  than  the  fteeple  mentioned  before  ; that  it 
“ bur  ft  without  noife,  and  was  intirely  diflipated  into 
lc  fparks  of  fire,  which  fell  down,  and,  as  file  thought, 
<e  almoft  reached  the  tops  of  the  houfes'.” 

XIV.  The  reverend  Mr.  William  Turnbull,  mini- 
fter  of  Abbotrule  (a  parifh  about  46  miles  N.  by  E. 
of  Carlifle,  44  miles  N.  E.  by  E.  of  Dumfries,  and  6 
miles  S.  W.  by  W.  of  Jedburgh,  in  the  fhire  of  Rox- 
burgh), favoured  me  with  a letter,  containing  the 
following  particulars,  cc  That  on  Sunday  the  26th  of 
“ November,  1758,  about  nine  at  night,  fitting  in  his 
“ parlour,  which  had  a fouth-weft  window,  he  very 
<c  diftindtly  faw  a light,  which  he  took  for  a flafh  of 
tc  lightning  ; but  was  furprifed  with  the  difference  of 
tc  its  colour,  as  being  whiter,  and  giving  a clearer 


* From  this  circumftance,  and  the  greater  apparent  magnitude 
at  Dumfries  than  elfewhere,  it  is  probable  the  meteor  was  more 
nearly  vertical  there  than  at  Carlifle,  or  any  other  place  of  obferva- 
tion  mentioned. 
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“ view  of  the  pictures,  and  every  thing  elfe  in  the 
“ room, than  what  he  could  have  expected  from  com- 
“ mon  lightning  •,  that,  however,  he  waited  for  a 
a clap  of  thunder,  and  accordingly,  at  the  end  of  five 
“ or  fix  minutes,  he  heard  a very  great  exploiion,  not 
‘c  indeed  fo  like  thunder,  as  the  crafhing  noife  of  the 
“ fall  of  a houfe  j and  being  perfuaded  that  this  was 
“ really  the  cafe,  and  that  the  gabel-end  of  his  own 
“ houfe,  farthelf  from  the  room  he  fat  in,  with  the 
“ offices,  had  fallen,  he  ran  out,  but  found  no  damage 
“ done,  nor  faw  any  clouds,  it  being  clear  ftar-light.” 

XV.  Having  written  to  Mr.  Walter  Pringle,  Ihe- 
riff-depute  of  the  fliire  of  Roxburgh,  for  what  infor- 
mation he  could  give  from  that  part  of  the  country, 
he  acquainted  me,  “That  he  himfelf  had  neither  feen 
“ the  meteor,  nor  heard  the  exploiion ; but  that  a 
“ fervant  of  the  houfe,  where  he  happened  to  be 
“ that  night  (about  20  miles  S.  S.  E.  of  Edinburgh, 

“ and  as  far  N.  N.  W.  of  Abbotrule),  came  in 
“ about  nine,  and  told  him  there  had  been  fome 
“ thunder  and  lightning ; which  he  thought  very  im- 
“ probable,  as  he  had  been  out  but  a few  minutes 
“ before,  and  had  not  feen  a cloud  in  the  Iky’. 

Mr.  Pringle  added,  that  the  reverend  Mr.  John 
Smith,  of  Jedburgh,  had  written  to  him  as  follows : 

“ I am  furprifed,  that,  in  all  the  accounts  given  of 
“ the  meteor,  feen  on  the  twenty-lixth  ofNovem- 
**  her,  one  remarkable  circumlfance  is  omitted, 

“ namely,  the  horrid  crack,  which  I heard,  being 
“ then  on  the  coniines  of  Cumberland,  near"Stone- 
“ garthfide  (about  1 y miles  N.  by  E.  of  Carlille) : it 
“ was  much  louder  than  the  report  of  any  heavy 
“ cannon,  and  continued  about  7 or  8 feconds.  The 

“ people 
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<c  people  thought  it  a peal  of  thunder ; but  this,  1 
<c  imagined,  could  not  be  the  cafe,  as  the  iky  was  not 
£c  clouded.  I did  not  fee  the  meteor  myfelf,  being 
cc  then  within  doors.” 

XVI.  In  another  letter,  Mr.  Pringle  informed 
me,  cc  That  he  had  converfed  with  one  James  Turn- 
cc  bull,  a farmer  at  Ancram,  a village  about  three 
<c  miles  north-weft  of  Jedburgh,  who  had  feen  the 
<c  meteor,  and  heard  the  explolion,  and  who  being  a 
“ very  fenfible  man,  he  thought  he  could  not  give  me 
<c  greater  fatisfadion,  in  anfwer  to  my  queries,  than 
“ by  defiring  him  to  write  me  a full  account  of  what 
cc  he  had  feen  and  heard.”  Accordingly  I received 
the  following  letter  from  that  perfon. 

<c  At  Mr.  Pringle’s  delire,  I fend  you  an  account 
“ of  the  meteor,  as  it  appeared  to  me  on  Sunday  the 
u 26th  of  November,  1758.  My  dwelling-houfe, 
tc  at  the  mill  of  Ancram,  fronts  fouth-eaftj  and  the 
“ mill-houfe,  which  is  diredly  before  it,  has  the  fame 
“ expofition,  at  the  diftance  of  about  twelve  yards. 
<c  About  nine  at  night  I happened  to  be  out,  and 
tc  upon  returning  to  my  houfe,  and  juft  entering  the 
“ threfhold,  the  whole  fide  of  the  houfe  became 
“ fuddenly  enlightened,  and  with  a brightnefs  as 
ct  of  fun-ftiine.  My  back  being  towards  the  place 
tc  from  whence  the  light  came,  I quickly  turned 
“ about  to  fee  what  might  be  the  caufe  of  it,  and 
“ then  beheld  a globe  of  fire  about  the  bignefs  of  the 
<c  crown  of  the  cap  I commonly  wear,  6 or  7,  or  at 
“ moft  8 inches  in  diameter  *,  direding  its  courfe 

PI  h 2 “ from 

* After  receiving  this  letter,  I wrote  to  Mr.  Smith,  to  defire  him 
to  afik  Mr.  Turnbull,  how  many  inches  in  diameter  the  full  moon 

appeared 
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<c  from  a fhepherd’s  houfe  (which  fcood  at  above  a 
<c  mile’s  diftance)  towards  me,  as  I thought,  and  right 
“ over  the  middle  of  the  mill-houfe.  I fcarce  had  time 
<c  to  think,  when  it  paffed  by  me  to  the  north-weft 
“ with  a very  great  fwiftnefs,  find  very  high  in 
<c  the  air.  When  it  came  oppofite  to  the  gabel- 
<c  end  of  the  dwelling-houfe,  I then  difcovered  its 
“ true  figure  : it  was  perfe&ly  round  at  the  great 
“ end,  which  went  foremoft,  and  tapered  three  or 
“ four  yards,  to  my  imagination,  in  length  •f\  Being 
“ refolved  to  fee  it  as  long  as  I could,  and  fearing 
“ the  wall  and  roof  of  my  houfe  might  intercept  the 
“ view  (for  I was  then  ftanding  in  the  threfhold),  I 
“ moved  fix  or  feven  yards  farther  off  the  houfe, 
tc  keeping  my  eye  fixed  upon  the  meteor,  and  ob- 
“ ferved,  that  it  had  not  gone  above  a quarter  of  a 
“ mile,  when  one-third  towards  the  fmall  end  broke 
“ off ; which  third  leparated  into  fparks  of  fire,  refem- 


appeared  to  him  when  at  the  higheft  above  the  horizon  ; his 
anfwer- was,  about  12  : hence  the  apparent  diameter  of  the  meteor, 
to  this  obferver,  was  not  above  one  half,  or  at  moft  two- thirds,  of 
the  apparent  diameter  of  the  full  moon  at  its  greateft  height.  But 
whereas  this  perfon  faw  the  meteor  firft,  when  it  could  not  be 
much  farther  advanced  to  the  northward  than  Cambridge,  the  ap- 
parent magnitude  muft  have  been  confiaerably  increafed  by  the 
time  it  came  oppofite  to  the  gabel-end  of  his  houfe, where  it  was  not 
at  above  the  third  part  of  the  firft  diftance.  If  therefore  we  allow, 
that  when  fee n at  the  largeft  at  this  ftation,  the  diameter  of  the  head 
was  only  equal  to  the  apparent  diameter  of  the  moon  at  the  fame 
height,  we  (hall  find  the  real  diameter  of  the  meteor  to  have  been 
about  half  a mile,  upon  computing  its  diftance  from  the  village  of 
Ancram. 

f Having  afterwards  inquired,  whether  the  head  was  of  a glo- 
bular form,  diftinct  from  the  tail,  he  anfwered,  “ that  he  could  be 
« allured,  that  the  appearance  was  as  in  the  figure  j and  that  the 
*f  head  and  tail  formed  one  tapering  ftream  of  light.” 

“ bling 
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c<  bling  ftars,  and  immediately  vaniihed.  Soon  there- 
“ after  the  remaining  body  vanifhed  alfo,  diredlly  to 
“ the  north-weftward  of  my  houfe,  and  the  former 
“ darknefs  returned  *.  At  this  time,  I imagined  I 
“ ftill  faw  the  intire  figure  of  the  body  in  the  air, 
“ tho’  perfectly  black  ; but  I have  been  fince  told, 
“ that  this  appearance  might  have  been  only  a de- 
“ ception,  occafioned  by  the  brightnefs  of  the  body 
“ finking  the  eye  ; as  when  we  firft  look  at  the  fun, 
“ and  then  turn  our  fight  to  the  ground,  or  a wall, 


* I alfo  inquired  of  the  obferver,  by  Mr.  Smith,  whe- 
ther the  body  went  on  for  fome  time  in  its  progrefs  northward, 
after  the  reparation  of  part  of  its  tail,  or  inftantly  vanifhed  ? The 
anfwer  was,  “ That  the  tail  (meaning  the  part  which  broke  off) 
“ went  into  fparks,  and  inftantly  vanifhed  ; that  fome  fparks  came 
“ from  the  body  alfo;  but  that  it  went  forward  a little  way  before 
“ it  was  extinguifhed  ; viz.  fo  far  as  that  he  could  be  affured  it  bore 
“ then  due  north-weft  of  him.”  Upon  this  information,  in  order 
to  know  the  place  of  extinction,  I drew  on  the  map  a line  north- 
weft  from  Ancram,  till  it  interfered  the  line  of  direction  of  the 
meteor,  and  found,  that  this  point,  by  Elphinfton’s  map  of  Scot- 
land, lay  near  Fort  William  ; by  Moll’s  map  of  Great  Britain, 
the  interfection  was  carried  as  far  to  the  northward  and  weftward  as 
the  weft  end  of  the  ifle  of  Skye:  but  as  I relied  moft  on  the  former,  I 
have  referred  the  extinction  to  a point  perpendicularly  above  Fort 
William.  As  for  the  feparation  of  the  tail,  that  other  remarkable 
period,  according  to  Mr.  Pringle’s  meafures,  it  muft  have  happened 
when  the  meteor  was  vertical  to  the  fouthern  and  weftern  part  of 
the  fhire  of  Lanerk,  near  the  borders  of  the  fhire  of  Air,  as  was 
obferved  before. 

With  regard  to  the  apparent  variation  of  the  height,  to  the  ob- 
ferver at  Ancram,  Mr.  Smith  wrote  as  follows,  “You  inquire, 
“ whether,  at  the  firft  fight  James  Turnbull  had  of  the  meteor,  it 
“ appeared  to  be  as  high  as  it  did  afterwards,  when  oppofite  to  his 
l*  houfe  ? His  reply  is,  that,  at  firft  view,  it  appeared  indeed 
“ lower  in  the  air  than  it  did  afterwards,  which  he  afcribed  to  the 
i‘  greater  diftance  ; but  that  he  cannot  fay,  that,  at  the  end  of  its 

courfe,  it  was  certainly  lower  than  when  he  faw  it  firft.” 
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we  fancy  we  dill  fee  the  figure  ef  the  fun,  but  of  a 
dark  colour.  Upon  going  into  my  houfe,  I looked 
at  my  watch,  and  found  it  five  minutes  after  nine. 
The  time  of  the  meteor’s  appearance,  during  my 
obfervation,  might  be  near  a minute.  Aftei  I had 
been  in  the  houfe  aoout  five  minutes,  I heaid  a 
noife,  like  a dap  of  thunder,  of  fome  continuance; 
and,  upon  my  daughter’s  faying,  there  is  thunder, 
I faid,  that  could  not  be ; for  that  1 had  feen  no 
clouds  when  I was  out.  Upon  this,  I went  out 
again,  and  found  no  clouds,  but  clear  liar-light. 
Several  of  my  neighbours  in  the  village  of  An- 
cram  (which  lies  about  300  or  400  yards  from 
me,  a little  welferly  of  the  fouth,  and  over  the 
middle  of  which  the  meteor  palled,  according  to  my 
imagination),  iikewile  faw  the  meteor,  and  heard 
the  report.  One  of  them  in  particular  lays,  that 
the  noife  came  from  the  fire  as  it  went  along;  but 
I cannot  be  perfuaded  of  this,  for,  during  the  time 
of  the  light,  I did  not  hear  the  lead  hiding  found, 
nor  a noife  of  any  kind.  Another  of  my  neigh- 
bours in  that  village,  who  heard  the  lcpoit,  faid, 
it  founded  to  him  like  a cralhing  noife,  and  in  fuch 
a manner  as  made  him  imagine,  that  the  gabcl- 
end  of  his  own  and  his  neighbours  houle,  which 
were  contiguous,  had  fallen  down  at  a time.  I 
have  been  told,  that  the  continuation  of  the  noife, 
heard  by  our  family,  might  have  been  owing  to 
the  particular  lituation  of  the  houle.  It  llands  in 
a hollow,  near  the  brink  of  the  Ale,  greatly  over- 
topt  by  very  high  banks,  partly  of  rock,  partly  of 
clay,  and  very  deep,  which  lie  along  that  river 
Upon  the  top  of  thefe  banks,  to  the  wedward  of 
r “ my 
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tf  my  houle,  and  farther  up  the  ftream,  is  a large 
<c  plantation,  and  it  was  direddy  over  thofe  trees  that 
t£  the  meteor  difappeared.  In  this  cafe,  the  found 
£C  muff  have  come  down  fome  part  of  the  trough 
cc  formed  by  the  banks  of  the  river ; and  it  is  be- 
£c  lieved,  that  the  continuation  of  it  might  have 
cc  been  occafioned  by  an  eccho  from  the  rocks,  and 
cc  the  ruinous  walls  of  an  old  monaftery,  which 
££  hands  on  the  other  fide  of  the  water,  juft  oppofite 
cc  to  my  houfe : whereas  the  village  of  Ancram  lies 
£C  off  the  trough  of  the  river  on  a riftng  ground,  on 
<c  a level  with  the  plantation,  over  which  the  me-- 
tc  teor  feemed  to  break.  With  refped  to  the  height 
£{  of  that  body,  all  I can  fay  is,  that  I thought  it 
“ very  high,  and  can  be  pofttive  it  was  nearer  what 
££  Mr.  Pringle  calls  the  zenith  than  the  horizon.  I 
£C  have  pointed  out  the  place  to  that  gentleman,  as  it 
“ appeared  to  me  ; and,  as  he  is  to  take  the  height 
‘c  of  it  with  an  inftrument,  he  will  be  able  to  inform 
“ you  more  exadly.” 

XVII.  Before  I received  this  letter,  Mr.  Pringle 
had  fent  me  the  figures  of  the  meteor,  which  James 
Turnbull  refers  to.  They  were  drawn  by  Mr.  Smith, 
in  prefence  of  the  obferver,  and  by  his  direction.  See 
Fig.  4. 

A B reprefents  the  meteor  intire,  after  it  had 
come  fully  in  view.  C D reprefents  the  fame, 
after  the  feparation.  C E the  third  part  of  the 
tail  feparated.  D F the  head,  with  the  remain- 
ing part  of  the  tail.  G the  fparks  of  fire  iftuing 
from  the  part  of  the  tail  feparated.  H the 

fparks 
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fparks  emitted  from  the  remaining  tail,  where 
the  reparation  was  made.  W the  meteor  reduced 
again  to  around  form,  after  lofing  its  tail. 

Here  it  may  be  proper  to  obferve,  that,  with  re- 
gard to  the  fparks,  fome  part  of  them  are  marked  in 
the  figure  fomewhat  different  from  what  they  are 
defcribed  in  James  Turnbull’s  letter.  There  he  only 
fays,  that  the  third  part  of  the  tail,  which  was  broken 
off,  feparated  into  fparks  of  fire ; without  taking  no- 
tice of  the  fparks  that  likewife  iffued  from  the  remain- 
ing part  of  the  tail,  which  however  was  a circum- 
ffance  he  mentioned  to  Mr.  Smith,  when  that  gentle- 
man drew  the  figure. 

Some  time  after  this  letter,  Mr.  Pringle  acquainted 
me,  “ That  he  had  been  at  the  farmer’s  houfe ; that 
" he  had  furveyed  all  the  places  mentioned  in  his 
**  letter  ; and,  to  make  the  whole  perfectly  clear,  he 
“ had  drawn  a plan,  containing  the  apparent  courfe 
“ of  the  meteor,  its  apparent  interfedlion  with  the  me- 
c c ridian,  and  the  bearings  of  all  the  places  mentioned 
<c  in  the  obferver’s  letter.”  See  the  fame  Figure. 

K the  farmer’s  houfe.  L the  mill.  M N the  me- 
ridian line.  P the  fhepherd’s  houfe,  over  which 
the  meteor  firft  appeared,  making  an  angle 
MKP  of  420  20'  with  the  meridian.  V the 
hill  and  trees,  apparently  over  which  the  meteor 
broke,  making  an  angle  MKV  of  920  go'  with 
the  meridian.  The  line  PV  the  horizon.  O 
the  meteor  feen  firft  in  a round  form  over  the 
fhepherd’s  houfe.  T the  meteor  beginning  to 
appear  in  its  proper  form.  PQJR.U  the  path 
of  the  tail  broke  off  over  the  trees. 
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Thefe  figures  of  the  meteor  are  made  much  larger 
than  they  ought  to  be,  in  proportion  to  the  other  ob- 
jects, in  order  the  better  to  reprefent  its  true  form. 

After  making  this  furvey,  Mr.  Pringle  got 
the  farmer  to  point  to  that  part  of  the  heavens  to 
which  he  referred  the  meteor,  when  oppofite  to  the 
gabel-end  of  his  houfe  ; and  the  obferver  feeming  to 
be  well  allured  of  the  place,  Mr.  Pringle  took  the' 
altitude  with  an  inftrument,  and  found,  after  three 
trials,  the  height  to  be  about  5-8°*.  He  concluded 
with  faying,  “ That,  in  anfwer  to  fome  more  que- 
cc  ries  of  mine,  the  farmer  had  told  him,  that  he  had 
“ obferved  little  riling  or  falling  of  the  meteor  during 
“ its  whole  courfe;  but  that  its  motion,  from  the 
£c  time  he  firft  faw  it,  to  its  extinction,  feemed  to  be 
<c  nearly  in  one  fixeight  line,  at  an  equal  height  above 
cc  the  horizon  “f*;  and  that  the  light  was  continued 
“ and  uniform,  without  any  frelh  burftings  of  flames 
“ from  either  the  head  or  the  tail.” 


XVIII.  All  the  information  I received  from  that 
part  of  the  country,  over  which  the  meteor  feem- 
ed to  break,  was  from  Lord  Auchenleck,  one  of 
the  judges  in  Scotland,  whole  lands  lie  in  the  fhire 
of  Air,  bordering  on  the  fhire  of  Lanerk.  That 
gentleman  was  then  at  Edinburgh  j but  was  fo  ob- 


* At  this  time  the  meteor  muff  have  been  vertical,  about  two 
or  three  miles  to  the  fouthward  of  Lochmabin,  a town  in  the  fhire 
of  Dumfries  diftant  from  the  obferver  about  37  miles,  and  from 
that  place  where  the  tail  afterwards  broke  off  31  miles.  From  the 
altitude  given  here,  I have  computed  the  real  height,  at  this  place, 
to  have  been  about  59  miles. 

t This  remark  muff  be  corrected  by  the  laft  paragraph  of  the 
laft  note  of  Obf.  XVI. 


Vol.  LI. 


1 


igmg, 


Ii 


[ 242  ] 

liging,  as,  at  my  requeft,  to  make  all  the  inquiry 
he  could  among  the  people  on  his  eflate,  and  his 
neighbours;  but  could  procure  me  no  other  ac- 
count than  what  is  contained  in  the  following  letter, 
which  he  had  from  his  gardener.  “ In  obedience  to 
“ your  lordfhip’s  orders  relating  to  that  great  meteor, 
“ which  made  its  appearance  upon  the  26th  of  No- 
“ vember,  1758,  as  I did  not  fee  it  myfelf,  I cannot 
“ give  fuch  a particular  account  of  it  as  I could  wifh; 
*c  but  what  I can  collect  from  fundry  folks  in  this 
“ neighbourhood,  is  as  follows.  About  a quarter 
“ after  nine  that  night,  there  appeared  from  the 
“ fouth-ealf  a very  great  illumination  or  light,  which 
<c  inftantly  made  fuch  a fplendor,  that,  to  a confider- 
“ able  dildance,  one  could  moft  diftindtly  fee  houfes, 
“ trees,  water,  ftones,  &c.  but  could  not  obferve 
“ any  particular  body  from  which  the  light  iffued, 
“ nor  that  it  ran  farther  weftward ; from  which  we 
*c  may  conclude,  that  it  had  then  broke.  No  noife 
“ was  heard,  and  no  fuch  thing  as  any  afhes  were 
u found,  that  I could  hear  of.  During  the  preced- 
“ ing  part  of  the  day,  we  had  a ftrong  and  very 
“ cold  fouth-eaft  wind,  with  a little  froft ; but  the 
“ evening  was  more  calm.” 

Signed,  James  Bruce . 

From  this  letter  it  appears,  that  the  fky  in  thofe 
parts,  as  about  London,  was  then  fo  much  clouded, 
as  to  hide  the  body  of  the  meteor,  tho’  the  light  of  it 
was  very  manifeft,  and  which,  I prefume,  was  the 
brighter  there  for  the  burfting  of  the  tail,  and  its 
diffolution  into  fparks  of  fire,  when  almofl  vertical  to 
the  obfervers. 


XIX.  Sir 
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XIX.  Sir  Robert  Pringle,  who  was  at  Stitchill, 
(about  io  miles  N.  N.  E.  of  Jedburgh,  and  about  60 
miles,  nearly  in  the  fame  direction,  fromCarlifle), wrote 
as  follows.  <c  I did  not  fee  the  meteor  you  mention, 
“ nor  have  I yet  met  with  any  body  that  obferved 

it,  further  than  the  great  light  with  which  it  was 
<c  attended,  making,  every  thing  to  be  feen  on  the 
iS  ground  as  diftindtly  as  in  fun-fhine,  and  which 
£C  continued,  as  they  laid,  much  longer  than  a com- 
<c  mon  Hath  of  lightning  from  thunder.  At  that 
<£  time  I happened  to  be  fitting,  with  fome  of  my 
tc  family,  in  the  parlour,  and  all  of  us  heard  a 
££  noife  we  could  not  account  for,  as  founding 
<£  like  a gun  fired  off  in  the  garrets,  or  a cannon 
£C  difcharged  about  a quarter  of  a mile  from  us ; but 
£C  the  noife  continuing  like  thunder  at  a diftance,  we 
£C  concluded  it  was  nothing  elfe,  till  one  of  the  maid- 
£C  fervants  came  in,  and  told  us,  fhe  had  feen  a very 
£C  furprifing  flafh  of  lightning,  both  for  its  clearnefs, 
££  which  flie  compared  to  noon -day,  and  for  its  con- 
<£  tinuance  ; but  fhe  did  not  hear  the  report,  which, 
£C  I fuppofe,  was  occafioned  by  the  noife  of  her  own 
££  feet : for  all  the  reft  of  our  fervants,  that  were  fit- 
££  ting,  and  feveral  other  perfons  in  the  neighbour- 
££  hood,  heard  it  much  as  we  did.  Some  of  our 
££  Edinburgh  news-papers  defcribe  the  body  of  that 
££  meteor  to  have  been  like  a large  ftar  coming  from 
£C  the  fouthward,  and  ending  in  the  northward,  both 
££  points  weftward  of  the  obferver,  with  a train  after 
££  it,  in  form  like  a cone;  and  with  feveral  fparks 
££  falling  from  it  as  it  went  along.  Thefe  accounts 
££  fay  nothing  of  the  length  of  this  luminous  appear- 
££  ance;  but  that  it  feemed  to  be  about  io  or  i z 

I i 2 ££  inches 
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Cc  inches  broad  at  the  head ; nor  do  they  mention 
u any  found  that  was  heard  after  it  vanifhed.  A 
ct  gentleman  from  Berwick  told  me,  that  he  had 
‘c  fpoken  with  a matter  of  a trading  veflel  there,  who 
£t  faw  this  meteor  of  November  laft,  as  he  was  fail- 
tc  ing  in  the  Baltick,  and  in  the  fame  form  it  ap- 
“ peared  in  this  country  j but  did  not  mention  its 
cc  height,  nor  direction.” 

XX.  Mr.  Redpath,  fon  of  Mr.  Redpath  of  An- 
gelraw  (a  place  about  four  miles  north-eatt  of  Stit— 
chill,  in  the  (hire  of  Berwick),  fays  in  a letter,  dated 
from  his  father’s  houfe,  “ That  he  did  not  fee  the 
“ meteor  himfelf,  nor  had  found  any  intelligent  per- 
“ fon  who  had  feen  it  throughout  its  whole  courfe ; 
“ but  that  the  beft  account  he  could  procure  was 
“ from  one  Mr.  Mack,  a farmer  in  the  neighbour- 
“ hood,  tho’  he  too  had  only  obferved  it  a little  before 
“ its  difappearance.  That,  from  all  he  could  gather, 
<c  it  was  leen  on  Sunday  the  26th  of  November, 
“ about  nine  at  night ; its  direction  was  from  the 
“ fouth-eatt  to  the  north-wett  (but  nearer  the  fouth 
“ and  north  points  than  the  caft  and  weft),  with  a 
“ tail  of  a conliderable  length,  pointing  down- 
<c  wards  *,  inclining  to  the  eaft  j that  its  courfe 
“ feemed  to  be  very  quick,  and  that  fparks  of  fire 
“ fell  from  it  as  it  moved  along ; that  the  whole  was 
“ of  a conical  figure,  and  appeared  to  be  about  five 
“ inches  at  its  bafis ; that  a very  ttrong  light  ifi'ued 
“ from  it,  which,  in  thofe  houfes  where  the  candles 


* This  circumftance  of  the  tail  pointing  downwards,  is  con- 
trary to  the  other  obfervations..  and  mull  have  been  a deception. 

“ were 

1 
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<c  were  out,  darted  thro’  the  windows  with  fuch 
“ Strength,  that  the  rooms  were  wholly  illuminated  by 
f*  it  for  7 or  8 Seconds;  that  its  fir  ft  appearance  was 
“ not  exactly  at  the  horizon,  but  a little  above  it 
“ and  that,  at  its  greateft  height,  it  certainly  did  not 
“ exceed  40  degrees;  that  it  was  extinguished  before 
<c  it  reached  the  horizon,  perhaps  by  about  8 or  10 
“ degrees  ■f ; that  the  colour  of  the  meteor  was  at 
^ firft  nearly  of  a pure  white,  but,  in  proportion  as 
“ it  advanced,  it  grew  red,  and  feemed  to  go  out  all 
“ at  once;  that  the  light,  which  iftued  from  it, 
“ feemed  rather  to  confift  of  fucceftive  flashes  from 
“ fide  to  fide,  than  of  an  uniform  regular  flame  ; that 
cc  a few  minutes  after  its  dilappearance  (not  above 
“ three  or  four)  was  heard  by  Several  people  a violent 
“ thunder-clap,  or  Something  very  like  it,  and  from 
cc  the  fame  point  it  disappeared,  viz.  rather  nearer  to 
“ the  north  than  the  north-weft.” 

XXI.  At  Dalkeith..(a  market  town  6 miles  South- 
east of  Edinburgh),  a gentleman,  who  happened  to 
be  walking  eaftward  in  the  Street,  perceiving  his  right 
fide  and  arm  Strongly  illuminated,  Suddenly  turned 
his  face  to  the  light,  and  Saw  the  meteor,  “ then  in 


* By  Obf.  XVI.  the  firft  appearance  muft  probably  have  been 
a good  way  above  the  horizon  ; but  Mr.  Redpath  fays,  he  had 
met  with  no  perfon  he  could  depend  upon  for  the  account  of  the 
firft  appearance. 

f Angelraw  being,  within  a few  miles,  of  the  fame  diftance 
from  Fort  William  as  CarlilTe,  we  have,  by  this  laft  circumftance, 
a confirmation  of  the  real  height  of  the  meteor  at  its  extinction, 
upon  comparing  with  this  obfervation  the  notes  of  N°  II.  and 
No  IX. 


cc 


a 
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f£  a direction  at  right  angles  with  the  ftreet  f,  having 
“ an  altitude,  as  he  conjectured,  of  about  45*  degrees ; 
“ he  obferved  that  the  figure  was  oval,  the  light  great, 
“ and  of  a blueifh  caft ; but  he  heard  no  found.” 

XXII.  By  an  article  publifhed  in  the  Edinburgh 
news- papers,  <c  the  meteor  appeared  there  of  a conic 
<c  form,  about  5 or  6 inches  broad  at  the  bails,  and 
“ lafted  5 or  6 feconds ; its  light  was  great,  and 
<c  fparks  flew  from  it  like  thofe  of  a rocket,  when  its 
£C  force  is  fpent.”  I wrote  to  Dr.  Whytt,  Fellow  of 
the  Royal  Society,  for  more  particulars  from  Edin- 
burgh ; but  he  returned  for  anfwer,  “ That  he  had 
“ not  feen  the  meteor  himfelf,  nor  any  body  that 
tc  had  made  proper  obfervations  upon  it;  the  reft 
“ could  only  tell  they  faw  a ball  of  fire,  which  emit- 
“ ting  feveral  fparks  in  its  progrefs,  moved  quickly 
“ along  the  fouth  part  of  the  hemifphere,  and  then 
<£  difappeared.”  He  added,  “ that,  on  the  night 
<c  preceding  that  on  which  the  meteor  was  feen,  he 
<£  had  obferved  a very  bright  aurora  borealis .” 

XXIII.  One  of  my  friends  acquainted  me  from 
Edinburgh,  that  the  article  in  the  Glafgow  paper  was 
to  this  purpofe.  cc  About  nine  o’clock  laft  Sunday 
“ night  (viz.  on  November  the  26th),  a globe  of  fire 
<{  came  over  this  city  from  the  fouth  ward,  in  ap- 
ic  pearance  as  large  as  the  full  moon.  It  made  the 
“ ftreets  as  light  as  at  noon-day,  lafted  about  a mi- 
tc  nute,  and,  juft  before  it  vanifhed,  it  divided  into 


j The  ftreet,  to  the  beft  of  my  remembrance,  lies  nearly  north- 
north-eaft  and  iouth-fouth-weft. 

o “ three 


« 
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three  parts  directly  over  the  middle  of  the  town, 
<£  and  then  afcended  through  the  atmofphere 
Mr.  Smeaton,  Fellow  of  the  Royal  Society,  happened 
to  be  that  night  at  Glafgow ; but  did  not  fee  the 
meteor,  nor  Raid  long  enough  to  get  any  tolerable 
account  of  it.  From  the  information  he  had,  he 
judged  it  was  not  fo  vertical  as  the  news- writer  of 
that  place  has  reprefented  it. 

XXIV.  From  Dunfermline  (a  town  in  the  fhire  of 
Fife,  about  14  miles  north-weft  of  Edinburgh),  Dr. 
Stedman  acquainted  me,  <c  That  he  had  only  found 
<c  two  perfons  who  had  feen  the  meteor,  a man  and 
<£  his  wife,  from  whom  he  had  the  following  parti- 

culars.  That  the  figure  was  fuch  as  was  delineated 
<£  in  the  paper  {Fig.  f.)  which  he  fent  me  ; that  the 
“ firft  view  they  had  of  it  was  in  the  fouth-fouth- 
c<  eaft,  as  it  came  from  behind  a building ; and  that 
“ it  feemed  to  them  to  move  weft  ward ; that  the 
<c  hinder  part  or  train  emitted  large  fparks  or  globules 
<c  of  flame,  fuch  as  are  feen  to  fall  from  a fky-rocket, 
“ when  it  begins  to  break ; that  its  altitude  was 
<c  about  240,  which  he  had  taken  with  an  inftru- 
<(  ment,  upon  their  firewing  him  how  it  feemed  to 
u move  along  the  roof  of  a church,  after  bringing 
a him  to  the  window  where  they  flood  to  fee  it; 
<f  that  they  loft  fight  of  it  before  it  was  extinguished, 
<£  by  a fteeple  that  flood  in  the  way;  that  its  head 


* I defired  a gentleman  at  Glafgow  to  afk  the  writer  of  the 
paper,  what  he  meant  by  this  la(t  expreffion  ; but  he  received  no 
Satisfactory  anfwer,  and  could  furnifh  me  with  no  better  materials 
from  that  place. 


< i 


or 
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fc  or  fore-part  appeared  fomewhat  broader  than  the 
1C  fall  moon  j that  no  found  was  heard  after  its  dif- 
“ appearance ; that  the  time  was  about  nine  at  night, 
t£  on  Sunday  the  26th  of  November 

XXV.  In 


* When  Dr.  Steelman  Tent  me  this  account,  he  had  omitted 
taking  the  bearings  ; but,  in  his  next  letter,  he  told  me,  “ he  had 
“ fupplied  that  aefeef,  and  found,  that  the  firft  appearance  to  the 
“ obfervers  (when  the  meteor  came  from  behind  the  building  that 
“ intercepted  the  fight  of  it),  had  been  about  fouth  by  eaft  | eaft  ; 
“ and  that  it  had  difappeared  behind  the  fteeple  at  about  fouth  by 
“ weft  | weft  ; that,  during  this  fhort  courfe,  it  neither  feemed  to 
“ them  to  afeend  nordefeend.” 

By  Moll’s  map,  the  firft  of  thefe  bearings  interfe&s  the  fuppofed 
traift  of  the  meteor  in  Weftmorland,  about  14  miles  weft  of  Ap- 
pleby, diftant  about  102  miles  from  Dunfermline;  but  cuts  the 
trait  fo  obliquely,  that  a very  fmall  error  in  the  bearing,  or  in  the 
path  of  the  meteor,  would  make  a conftderable  difference  in  the 
following  calculation.  The  other  bearing  cuts  the  trait  near  the 
fouth- weft  corner  of  the  fhire  of  Lanerk,  diftant  about  46  miles  from 
Dunfermline. 

The  above  meafures  being  in  miles  of  60  to  a degree,  give  the 
height  of  the  meteor,  when  firft  feen  at  Dunfermline,  to  be  about 
54  ftatute  miles,  and  at  the  laft  bearing  to  be  about  24  ftatute 
miles,  upon  making  allowance  for  the  curvature  of  the  earth.  I fuf- 
peit,  that  the  obfervers  here  made  the  apparent  altitude  too  low  ; 
but,  however  that  may  be,  from  hence  the  dipping  or  obliquity  of 
the  courfe  downwards  is  manifeft. 

It  was  faid,  that  the  head  was  fomewhat  broader  than  the  full 
moon.  Let  us  give  fome  allowance  to  the  imagination,  and  fup- 
pofe  the  head  was  but  equal  to  the  full  moon,  and  that  only  when  the 
meteor  was  at  the  neareft.  In  this  cafe,  as  the  diftance  of  the  moon 
from  the  earth  (about  240000  miles)  is  to  the  real  diameter  of  the 
moon  (about  2180  miles)  ; fo  was  the  diftance  of  the  meteor  (about 
59  miles)  to  its  real  diameter  : which  will  thus  be  found  to  be  about 
half  a mile.  But  if  the  apparent  diameter  of  the  head  at  its  firft  ap- 
pearance (that  is,  at  the  greateft  diftance  from  the  obfervers),  was 
equal  to  that  of  the  full  moon,  then  the  real  diameter  of  the  me- 
teor was  about  } or  ) part  more  than  a mile.  If  it  was  indeed 
fomewhat  larger  than  the  moon,  then  the  real  diameter  might  have 

been 
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XXV.  In  January  after,  I faw  here  one  Mr.  Cairns 
(a  young  man  then  appointed  furgeon’s  mate  to  one  of 
the  regiments  at  Gibraltar),  who  told  me,  cc  That 
<c  he  had  feen  the  meteor,  of  the  26th  of  November, 
tc  about  9 o’clock  at  night;  that  he  was  then  in  the 
<c  fhop  of  Mr.  Oliphant,  furgeon-apothecary  at  Cul- 
u rofs  (a  town  about  19  miles  W.  N.  W.  of  Edin- 
u burgh) ; that  Mr.  Oliphant  and  he  were  furprifed 
<{  by  a fudden  glare  of  light  from  the  ftreet,  coming, 
tc  as  it  were,  in  fuccefiive  flafhes,  but  without  any 
ec  intervals  of  darknefs;  that  they  both  ran  out,  and. 
u obferved  a ball  of  fire  moving,  with  great  velocity, 
tc  in  a direction  nearly  from  the  fouth-eaft  to  the 
£t  north-weft ; that  its  height  feemed  to  be  confider- 
<c  able  ; but  that  they  had  not  feen  it  to  the  laft,  by 
“ reafon  of  fome  houfes  on  the  north  fide  of  the 
<c  ftreet,  which  flood  in  their  way;  that  it  was  fome- 
tc  what  of  a lefs  fize  than  that  of  the  full  moon,  when 
“ about  the  fame  height  above  the  horizon  ; and  of 
<c  an  oval  figure,  with  the  longeft  diameter  in  the 
ee  courfe  of  its  direction.  He  obferved  no  tail,  nor 
“ fparks  of  fire  ifluing  from  it;  but  faid,  that  fome 
£C  people  of  the  town  had  taken  notice  of  the  latter; 
<c  that  the  meteor  itfelf  was  of  a reddifh  fiery  colour, 
<c  though  the  reflection  of  the  light  from  the  ftreets 
cc  was  of  a yellowifh  caft ; that  he  heard  no  explofion 
“ himfelf,  and  had  met  with  none  who  pretended  to 


been  about  two  miles ; which  is  the  length  refulting  from  the  obfer- 
vation  made  at  Dublin,  as  will  afterwards  appear.  JBut,  in  fuch 
cafes,  the  moft  moderate  computations  are  moft  likely  to  be  true  ; 
fo  natural  is  it  for  the  imagination  to  magnify  all  objects  that 
alarm  it. 


Vol.  LI. 
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“ have  heard  any  noife,  either  during  the  appearance 
“ of  the  body,  or  after  its  extinction.’’  Having  in- 
quired how  long  the  light  continued,  Mr.  Cairns  an- 
fwered  at  fir  ft,  “ he  believed  about  a minute  or 
“ two but,  upon  looking  at  a watch,  which  had 
a fecond-hand,  and  defiring  him  to  recolleCt  the  time 
from  the  firft  glare  of  light  till  the  return  of  darknefs, 
lie  ftopt  me  when  I had  counted  1 3 feconds  *. 

XXVI.  I wrote  to  Dr.  Simfon,  profefibr  of  me- 
dicine in  the  univerfity  of  St.  Andrews  (which  lies 
about  31  miles  N.  E.  by  N.  of  Edinburgh),  who  an- 
fwered,  “ That  his  family  had  been  alarmed  by 
“ the  light,  and  that  one  of  them  cried  out,  the 
“ heavens  were  all  on  fire  j that  his  fon  (a  minifter) 


* This  account  of  the  time  is  moft  likely  to  be  the  neareft  to 
the  truth  ; fmce,  without  examining  it  in  this  manner,  thofe,  who 
are  unaccuftomed  to  meafure  fuch  fmall  portions,  will  generally 
reckon  it  much  longer  than  it  really  is.  I have  been  confirmed  in 
my  opinion  about  the  fhortnefs  of  the  time,  by  the  obfervation  of 
another  gentleman,  who,  being  that  evening  at  a friend’s  houfe  in 
the  {hire  of  Bachngton,  faw  the  light,  without  feeing  the  body.  I 
defired  him  to  recollect  the  time,  whilft  I counted  it,  and  in  three 
trials,  he  ftopt  me  pretty  exactly  at  8 or  9 feconds.  He  imagined 
he  could  not  lofe  above  2 or  3 before  he  faw  the  light.  Mr.  Dut- 
ton,  watchmaker  in  Fleet-ftreet,  who,  fmce  this  paper  was  firft 
prcfented  to  the  Society,  happened  to  fee  another  meteor,  which  had 
a courfe  little  fhorter  than  the  other,  told  me,  that  he  could  be 
allured,  it  was  over  in  about  four  or  five  feconds ; tho’  he  believed 
that  others,  not  of  his  bufinefs,  nor  ufed  to  compute  by  fmall  por- 
tions of  time,  would  readily  have  affigned  a minute  or  two  for  the 
duration  of  the  appearance.  But  1 lhall  fuppofe  Mr.  Cairns’s  mea- 
fure, corre&ed  by  the  watch,  to  be  juft ; and  therefore,  as  the 
meteor,  in  13  feconds,  palfed  from  Cambridge  to  Fort  William, 
a fpace  of  about  400  miles,  it  mull  have  moved  at  the  rate  of  about 
30  miles  in  one  fecond  of  time. 


4 
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“ happened,  at  the  firft  appearance  of  the  light,  to 
“ be  handing  clofe  by  a fouth  window,  and  faw  the 
<c  meteor  like  a ball  of  fire,  but  of  an  oval  figure, 
tc  with  its  longed  axis  in  the  direction  of  its  courfe,  of 
“ a fize  equal  to  that  of  the  full  moon  at  her  greateft 
<c  height*  ; that  it  moved,  with  great  velocity,  from 
“ the  fouth-eaft  -f*  (about  which  point  he  firft  faw 
u it)  towards  the  N.  W.  but  that  he  had  loft  fight 
tc  of  it  about  the  S.  W.  by  the  intervention  of  a 
<e  building  on  the  oppofite  fide  of  the  ftreet,  be- 
“ fore  it  had  fallen  from  its  apparent  height:  that 
“ he  obferved  no  tail,  nor  fparks  of  fire  ifluing  from 
“ it ; and  heard  no  noife  after  the  return  of  darknefs.” 
The  dodtor  added,  “That  he  himfelf  was  from  home. 


* If  Mr.  Simfon  loft  fight  of  the  meteor  duly  S.  W.  of  him,  it 
muft  have  then  been  perpendicularly  over  the  fouthern  part  of  the 
(hire  of  Lanerlc,  about  66  miles  from  the  obferver,  and  about  the 
nigheft  he  could  have  feen  it  any- where  in  its  courfe.  I fhall  there- 
fore fuppofe,  that  it  was  at  its  greateft  apparent  diameter  juft  before 
it  difappeared  ; that  is,  equal  to  that  of  the  full  moon,  according  to 
Eds  comparifon ; confequently  its  real  diameter  was  about  half  a 
mile,  upon  the  like  computation  with  that  in  the  note  upon  Obf. 
XXIV.  This  is  the  moft  moderate ; for  the  meteor  might  have 
been  confiderably  larger  even  from  this  obfervation. 

f Having  omitted  defiring  Mr.  Simfon  to  take  the  bearings 
with  a compafs,  he  has  not  imagined  that  I required  any  greater 
precifion  than  having  the  moft  common  points;  but  as  I find 
Cambridge  laid  down  in  all  the  maps  nearly  S.  S.  E.  of  St.  An- 
drews, and  as  we  have  no  reafon  to  believe  the  meteor  was  lighted 
to  the  eaftward  of  Cambridge,  it  is  probable  Mr.  Simfon  did  not 
fee  it  till  it  was  nearer  to  the  fouth  than  the  S.  S.  E.  But  fuppofing 
this  gentleman  faw  it  at  its  firft  fetting  out,  viz.  over  Cambridge, 
and  duly  S.  S.  E.  then,  from  the  angle  of  elevation  of  15^  deg.  the 
diftance  between  the  two  places,  and  an  allowance  made  for  the 
curvature  of  the  earth,  the  perpendicular  height  at  Cambridge 
juuft  have  been  about  100  miles. 
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“ at  fome  miles  didance,  at  {upper,  in  a room  with 
“ the  windows  darkened  fo  that  he  neither  faw  the 
w light,  nor  heard  any  found.'’  In  a fecond  letter, 
he  acquainted  me,  “ That  his  fon,  at  my  requeft, 
<4  had  gone  with  a friend  to  the  fame  window  men- 
“ tioned  above,  and,  pointing  an  inftrument  to  that 
u part  of  the  heavens  he  recollected  to  have  feen  the 
<c  meteor  in,  they  had  found  the  apparent  altitude, 
“ during  the  time  Mr.  Simfon  faw  it,  to  have  been 
tc  about  i y degrees  and  a half.  As  for  the  whole  time 
“ of  its  continuance  above  the  horizon,  all  the  ac- 
<c  count  he  could  give  was,  that  the  body  was  not 
<c  vifible  to  him  longer  than  he  could  have  counted  6 
“ or  7 Hrokes  of  his  pulfe  ; but  believes,  if  he  had 
“ Hood  at  a higher  and  an  open  window,  he  might 
<c  havefeen  it  much  longer.” 

One  of  my  friends  did  me  the  favour  to  write  to 
Batnf  and  Invernefs,  in  order  to  learn  what  had  been 
obferved  in  the  more  northern  parts  of  Scotland  j but 
found  the  meteor  had  not  been  taken  notice  of  at 
either  of  thole  places. 

XXVII.  Believing  there  was  a better  chance  for 
hearing  of  its  courfe  more  to  the  weftward,  a gentle- 
man here  was  fo  obliging  as  to  procure  me  the  follow- 
ing letter,  written  by  Dr.  Alexander  Mackenzie,  phy- 
fician  in  the  {hire  of  Rofs,  to  a friend  of  his  in  the 
fame  country,  on  the  occafion  of  this  inquiry.  <c  I am 
t(  forry  that  the  information  I can  give  you  about  the 
“ meteor,  of  the  26th  of  November  laft,  will  be  fo 
“ little  fatisfaClory : however,  I fhall  tell  you  what  I 
“ faw.  I muft  firft  obferve,  that  where  I then  was, 

a viz. 
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cc  viz.  at  Flowerdale  (a  gentleman’s  houfe  on  the 
cc  weftern  coaft  ofRosfhire),  the  view  of  the  heavens 
“ is  extremely  confined,  being  quite  furrounded,  ex- 
a cept  at  one  point,  by  very  high  and  clofe- approach - 
4<  ing  hills;  whence  you  will  underftand,  that  the 
ct  meteor  muft  have  been  high  before  it  could  be  ob- 
£e  ferved,  and  that  it  quickly  difappeared,  as  its  pro- 
“ grefs  was  very  rapid.  Its  light  was  moft  furprif- 
<e  ingly  fplendent,  but  not  in  the  leaft  like  that  of 
££  the  fun,  except  when  it  fhines  through  a cloud, 
“ or  a fummer  fhower,  Its  magnitude  was  near  to 
44  that  of  the  full  moon,  when  (lie  is  three  or  four 
££  hours  high.  Its  colour  not  at  all  like  that  of  the 
££  body  of  the  fun,  or  an  ignited  globe,  but  refem- 
£<  bled  that  of  the  flame  of  fpirits.  Its  figure  was 
£c  quite  fpherical,  without  any  tail;  but  it  emitted, 
££  or  as  it  were  dropped,  fparks  of  various  colours 
“ and  magnitudes.  As  for  its  height,  it  was  vertical; 
<c  and  its  direction  was  from  the  weft  northerly  to 
“ the  eaft  foutherly.  I was  fenfible  of  no  noife 
££  on  its  difappearance.  The  time  of  night  was 
££  about  nine,  and  indeed  as  dark  a night  as  ever  I 
a faw.” 

Upon  reading  this  letter,  and  finding,  by  Dr.  Mac- 
kenzie’s obfervation,  the  courfe  of  the  meteor  to  have 
been  fo  very  different  in  thole  parts  from  what  I had 
collected  from  the  other  accounts,  and  believing  it: 
was  beyond  all  chance,  that  a new  meteor  fhould 
appear  at  the  fame  place,  on  the  fame  day,  and 
at  tlie  fame  hour  when  the  other  was  expected,  I 
doubted  I had  either  mifunderftood  that  gentleman’s 
expreflion,  with  regard  to  the  direction,  or  that  lie 
poflibly  might  have  made  a miftake  in  the  writing  ; 
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and  therefore,  to  be  clear  in  this  circumstance,  I 
wrote  to  the  doctor,  defiring  to  be  informed,  whether 
he  meant  to  fay,  as  I understood  him,  that  the  courfe 
of  the  body  was  from  fome  point  a little  northward  of 
the  weft,  to  Jome  point  a little  fouthward  of  the  eaft ; 
or  otherwife.  To  which  letter  Dr.  Mackenzie  obliged 
me  withthis  anfwer.  “ Altho’  I regret  my  being  out 
“ of  the  way  of  anfwering  your  letter  in  courfe  of 
“ the  port,  yet,  by  that  abfence,  I have  it  now  more 
££  in  my  power  to  be  exadt  with  regard  to  fome  of 
££  your  queries,  as  I am  juft  returned  from  Flower- 
“ dale ; where,  in  confequence  of  the  firft  letter  on 
t£  the  fubjedt  of  the  meteor,  I obferved  narrowly  the 
“ fituation  of  the  mountains  over  which  it  paffed  ; 
u in  order  that  I might  corredt  my  account  of  its 
££  courfe,  if  I had  miftaken  it  before.  But,  after 
££  that  furvey,  I found  my  former  defcription  ex- 
“ adt  to  a tittle,  and  your  interpretation  of  my  words, 
viz.  from  the  weft  northerly  to  the  eaft  foutberly , to 
“ be  precifely  what  I meant:  they  may  not  be  terms 
“ of  art,  but  exprefs  the  true  progrefs  of  that  body 
<£  when  I faw  it ; notwithftanding  that  I obferve,  by 
£C  your  informations  from  the  fouth  of  Scotland,  and 
xi  from'  Carliile,  its  direction  was  almoft  diredtly  op- 
££  pofite.  What  I meant  by  its. vertical  height  was, 
<£  that  its  declination,  if  any,  was  extremely  fmall 
“ from  the  zenith,  but  thatoiortherly.  Tho’  I con- 
t£  tinued  to  gaze  for  about  a quarter  of  an  hour  after 
££  it  difappeared,  I was  fenfible  of  no  found,  neither 
£‘  like  that  of  thunder  nor  a cannon:  yet  fuch  might 
“ have  been  in  a lefier  degree  without  my  hearing  it} 

££  as  the  noife  of  the  fea  that  night  was  remarkably 
«£  louder,  than  at  any  other  time,  during  the  whole 

“ month 
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tl  month  I was  at  that  place.  I can  pofitively  aflure 
ec  you  no  tail  was  vifible  there  ; tho’,  as  I faid  before, 
u or  at  leaf!:  meant  to  fay  in  my  former  letter,  the 
“ meteor  emitted  or  dropt  a great  many  fparks  of  va- 
“ rious  magnitudes,  and  mod:  beautiful  colours,  fome 
tc  of  which  feemed  to  equal  the  li'ze  of  half  a crown. 
tc  My  wife  and  another  lady,  at  fifty  miles  didance, 
tf  almod  due  ead  from  Flowerdale,  faw  many  fuch 
tc  fparks,  but  no  part  of  the  body  of  the  meteor.  The 
<c  light,  tho’  of  the  pale  moon-colour  where  I was, 
<£  yet  was  fo  bright,  that  I could  difcover  every  bufh 
(c  and  tree,  every  fcraggy  rock  on  the  tops  of  the 
<c  mountains,  altho’  the  night,  both  before  and  after 
(‘  its  difappearance,  was  extremely  dark,  and  with- 
“ out  a dar  to  be  feen.  I am  not  a little  furprifed 
tc  that,  confidering  how  early  in  the  night  the  meteor 
<e  made  its  appearance,  not  one  perfon,  befides  my- 
<c  felf,  in  all  this  country,  as  far  as  I can  learn  (and 
<c  I have  taken  pains  to  inquire),  happened  to  fee  it; 
tC  except  you  will  admit  that  my  wife  and  her  friend 
“ faw  fome  of  its  tradt,  from  the  fparks  they  ob- 
“ ferved.  And  this  circumdance  leads  me  to  think; 
<c  that  it  made  a very  quick  turn  immediately  after 
<c  its  difappearance  from  my  fight,  lofing  its  fouth- 
t£  ern  diredtion,  and  running  due  ead : which,  in  my 
cc  opinion,  confirms  the  diip-mader’s  report  of  fee- 
<c  ing  it  in  the  Baltick.” 

Thus-  far  Dr.  Mackenzie,  who,  I am  perfuaded, 
could  not  be  midaken  about  the  points  of  the  com- 
pafs,  in  a part  of  the  country  he  is  fo  well  acquainted 
with,  nor  would  offer  any  fuch  account  of  a fadt 
he  was  not  well  afiured  of : fo  that,  upon  the- 
whole,  we  mud  refer  this  drange  -curvature  in  tine 
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coiu'fe  of  the  meteor  to  fome  principle,  at  fir  ft  view, 
very  different  from  the  common  laws  of  motion  ; but 
perhaps  not  altogether  inconfiftent  with  them,  as  I 
fhall  endeavour  to  fhew  in  my  next  paper  *. 

I finilhed  my  inquiries  for  the  north,  by  writing 
to  a friend  in  the  ifle  of  Shetland ; but  he  had  heard 
nothing  of  the  meteor  there. 

XXVIII.  I fhall  conclude  with  one  account  more, 
which  I had  from  Dublin,  in  a letter  from  Mr.  Cleg- 
horn,  author  of  the  natural  hiftory  of  Minorca.  I 
imagined,  that  a tolerable  obfervation  from  that  quar- 
ter would  be  ufeful,  for  afcertaining  both  the  height 
of  this  body  above  the  earth,  and  its  real  magnitude; 
and  accordingly  I received  from  thence  fome  proper 
materials  for  that  purpofe.  Mr.  Cleghorn  writes, 
“ That  altho’ the  meteor,  of  the  1 6th  of  November, 
u did  moil  certainly  appear  at  Dublin,  as  well  as  in 
<c  England,  yet  few  people  had  obferved  it  with  at- 
<c  tention,  and  none,  that  he  could  hear  of,  had  com- 
‘c  mitted  any  thing  to  writing,  excepting  one  Mr. 


* It  Teems,  from  obfervations  made  on  other  meteors  of  this 
kind,  that  the  curvature  in  the  path  of  fuch  bodies  is  not  extraor- 
dinary. Thus,  one  that  appeared  in  Italy  in  1719,  recorded  in 
the  firft  volume  of  the  Academy  of  fciences  at  Bologna,  did  not 
purfue  its  courfe  in  a {freight  line  ; for  they  fay,  direftio  non  cadem 
femper  fnit.  Again,  in  the  hiftory  of  the  Royal  Academy  of 
lciences  at  Paris,  for  the  year  1738,  we  find  another  mentioned, 
which  had  fo  crooked  a motion,  that  they  call  it  un  tnouvement 
bizarre.  Laftly,  I obferve,  that  one  of  the  gentlemen,  who  gave 
an  account  to  the  Royal  Society  of  the  meteor  feen,  about  London, 
in  the  year  1741,  defcribes  it  as  firft  (hooting  to  the  north-eaft,  and 
afterwards  to  the  fouth-eaft.  See  Pbilof.  Tranf.  N°  463.  p.  59. 
Abr.  Vol.  VIII.  p.  525. 
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c*  Garret,  a good  fenfible  man,  with  fome  mathema- 
<c  tical  learning,  whofe  account  he  had  therefore  fent 
“ me,  in  an  extract  from  a regider  of  the  weather 
Ct  kept  by  that  perfon  5 and  to  which  was  fubjoined 
tc  an  anfwer  to  fome  queries,  that  had  been  put  to 
u him,  concerning  that  body.”  Here  follows  the 
paper. 

Extradl  from  a regifter  of  the  weather,  by  Tho- 
mas Garret,  inn-keeper  at  Idand-bridge,  near 
Dublin. 

cc  November  the  26th,  1758,  hard  blowing  wea- 
<c  ther ; wind  at  fouth-eafi.  Fifteen  minutes  pad 
<c  eight  in  the  evening*,  a globe  of  fire  about  feven- 
<c  teen  degrees  above  the  horizon  -f-,  due  ead,  moved 
<c  from  fouth  to  north,  as  large  in  appearance  as  the 
moon,  but  more  of  a golden  colour ; it  broke  and 
“ difperfed,  like  a darry  rocket,  in  fmall,  bright 
<c  fparkles,  nearly  before  the  wind,  or  as  if  they 
C£  pafied  away  with  the  wind. 


* By  the  difference  of  longitude,  this  time  anfwers  to  about 
forty-one  minutes  paft  eight  at  Cambridge,  about  half  an  hour 
after  eight  at  Carlifle,  about  32  minutes  after  eight  at  Ancram, 
about  26  minutes  after  eight  at  Edinburgh,  and  about  20  paft  eight 
at  Elowerdale  in  Rofsfhire. 

f By  Moll’s  map,  Dublin  is  diftant  from  Cambridge  about  240 
miles  (at  60  to  a degree)  ; and  a line  drawn  due  eaft  from  Dublin, 
cuts  the  tra£f  of  the  meteor  near  the  north-eaft  corner  of  Derby- 
fhire,  diftant  by  the  fame  map  about  185  miles  from  Dublin. 
From  thefe  meafures,  and  the  apparent  height,  the  real  altitude  of 
the  meteor  at  Cambridge  muft  have  been  about  95  ftatute  miles, 
and  over  the  corner  of  Derbyfhire  about  72  ftatute  miles,  allow- 
ance being  made  for  the  curvature  of  the  earth.  This  obfervation, 
compared  with  Obf.  II.  and  XXIV.  with  the  notes,  makes  the 
obliquity  of  the  courfe  very  manifeft. 
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“ N.  B.  Mr.  Garret  keeps  his  clock  very  ex aft, 
H byGlafgow’s  regulator,  Chrift-Church. 

“ Emanuel  Miller,  of  Ifiand-bridge,  faw  this  me- 
u teor  from  beginning  to  ending  ; thinks  it  was  above 
“ the  horizon  about  half  a minute  ; and  fays,  that  it 
“ moved  with  lefs  rapidity  than  falling-fiars  com* 
“ monly  do.” 

“ The  following  queries  were  put  to  Mr.  Garret, 
“ and  his  anfwers  are  annexed. 

“ i.  Was  it  a perfect  fphere,  or  an  oblong  ball  ? 

“ Anf.  A perfect  fphere. 

u 2.  With  or  without  a tail  ? 

“ Anf.  Without  a tail. 

“ 3.  Did  any  fparks  of  fire  ifiue  from  it? 

“ Anf.  There  did  not  any  fparks  ifiue  from  it  till 
“ it  broke. 

“ 4.  In  what  direction  did  it  move,  from  S.  E.  to 
“ N.  W.  or  otherwife  ? 

Anf.  It  moved  from  S.  towards  the  N *. 

“ y . How  long  did  it  continue  vifible  ? 

Anf.  The  obferver  fays,  he  faw  it  only  for  the 
<c  fpace  of  three  feconds,  or  the  twentieth  part  of  a 
“ minute;  but  that  he  is  fure  it  had  been  vifible 
“ fome  time  before,  he  having  been  called  out  of  his 
“ houfe  by  his  fervant  on  purpol'e  to  look  at  it. 

“ 6.  Was  any  found  heard  like  a clap  of  thunder, 
“ or  the  report  of  a cannon,  after  its  extinction ; and 
“ how  long  after  the  difappearance  of  the  light  ? 


* From  that  ftation,  the  declination  to  the  weftward  of  the  north 
could  not  be  well  obferved. 
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<c  Anf.  There  was  not  any  found  heard : it  was 
(i  fuppofed  to  be  at  too  great  adiftance.” 

Thefe  are  all  the  accounts  which  I received,  at 
different  times,  upon  this  fubjeCt.  In  another  paper 
I (hall  offer  to  the  Society  fome  remarks,  that  have 
occurred  to  me,  upon  a careful  review  of  the  whole 
materials. 


XXVII.  Some  Remarks  upon  the  fever al  Ac - 
counts  of  the  fiery  Meteor  ( which  appeared 
072  Sunday  the  26 th  of  November,  1758), 
and  upon  other fuch  Bodies ; by  John  Pringle, 
M.  D.  F.  R.  S. 


Read  Dec.  zo, 
1 759- 


IN  my  lad  paper,  I laid  before  the  So- 
ciety all  the  accounts  I had  received  of 
the  meteor,  of  the  26th  of  November,  1758  ; which 
I could  not  reduce  into  a narrower  compafs,  without 
the  hazard  of  omitting  fuch  obfervations,  as  might  be 
judged  neceffary  for  afeertaining  fome  of  the  principal 
circumftances;  or  without  palling  over  thofe  faCts, 
which,  however  immaterial  they  may  appear  at  pre- 
fent,  might  afterwards  afford  fome  light  in  explaining 
the  nature  of  thefe  phenomena.  I have  even  inferted 
fome  particulars  contradictory  to  others,  that  I imagined 
more  likely  to  be  true,  as  I myfelf  might  be  deceived, 
and  as,  by  preferving  the  feveral  relations  intire,  I 
thereby  did  mod:  juftice  to  the  obfervers.  The  de- 
ception of  the  fenfes,  upon  the  appearance  of  unufual 
objeCls,  the  fhort  continuance  of  the  meteors,  and 
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the  furprize  occafioned  by  them,  at  a late  hour,  among 
people  unaccuflomed  to  think  on  thefe  fubjedts,  will 
fufficiently  account,  not  only  for  the  variety,  but  the 
contradictions,  in  the  feveral  obfcrvations. 

I come  next  to  the  refult  of  all  the  relations,  with 
regard  to  the  true  path,  the  velocity,  figure,  magni- 
tude, and  other  circumflances  relating  to  this  body ; 
which  having  deduced  in  the  belt  manner  I could 
from  the  preceding  materials,  I fhall  now  fubmit  to 
the  judgment  of  the  Society.  But  as  my  laid  paper  on 
this  fubjedt  was  of  fo  great  a length,  I fhall  not  far- 
ther infill  on  it  now,  than  barely  to  mention  the  con- 
clufions  I have  made,  without  lofing  time  in  recapi- 
tulating the  feveral  fleps  that  led  me  to  them 

Firfl  then,  as  to  the  path.  This  meteor  feems  to 
have  been  vertical  at  Cambridge,  or  nearly  fo,  and 
to  have  taken  fire  about  the  zenith  of  that  place ; 
or  at  leafl  to  have  appeared  firfl  there  in  a flate  of  ig- 
nition. From  thence  it  proceeded  diredtly,  almofl 
N.  W.  byN.  over  feveral  counties  in  England,  over 
the  Solway  frith  (which  it  crofied  between  Carlifle 
and  the  town  of  Dumfries) ; and  in  Scotland  over  the 
fhires  of  Dumfries  and  Lanerk : but  foon  after  its  be- 
coming vertical  to  the  lafl,  viz.  a few  miles  to  the 
fouthward  of  Douglas  (or  perhaps  nearer  to  the  bor- 
ders of  Lanerk  and  the  fhire  of  Air,  about  io  or  12 
miles  to  the  eaftward  of  Auchenleck),  part  of  the  tail 
feemed  to  break  off,  and  to  difperfe  in  bright  fparks 
of  fire  ; whilfl  the  head,  into  which  the  remainder  of 
the  tail  was  inflantly  colledted,  moved  on  in  the  fame 


* Some  of  the  moft  material  are  fubjoined  in  notes  to  the  former 
paper,  fince  it  was  firft  prefented  to  the  Society. 

direction, 
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dire&ion,  till  coming  over  Fort  William,  in  the  {hire 
of  Invernefs,  after  a courfe  of  about  400  miles,  it 
there  fuddenly  difappeared. 

But,  notwithftanding  the  extinction  of  the  meteor 
at  this  place,  it  feems  {till  to  have  proceeded  north- 
wards ; lince  it  was  feen  again,  in  a luminous  {late, 
in  a globular  form,  but  without  a tail,  about  the  yS° 
of  latitude,  on  the  weftern  coaft  of  the  {hire  of  Rofs, 
almoft  vertical  to  the  obferver ; moving  then  to  the 
fouthward  of  the  eaft ; that  is,  in  a direction  almoft: 
contrary  to  the  fir  ft : and  in  this  laft  courfe,  of  which 
we  know  not  the  end,  it  poffibly  might  have  gone 
a great  way  to  the  eaft  ward. 

During  the  fir  ft  part  of  its  progrefs,  viz.  from 
Cambridge  to  Fort  William,  it  went  obliquely  down- 
wards, in  fuch  a manner,  that,  by  computation,  it 
muft  have  been  from  about  90  to  100  miles  high  at 
the  firfit  of  thefe  places,  and  between  26  and  32  miles 
at  the  laft.  But  at  what  height  it  was  afterwards  feen 
in  the  fhire  of  Rofs,  is  not  to  be  determined,  fince 
one  obfervation  only  was  tranfmitted  to  me  from  that 
country.  As  Dr.  Mackenzie  obferved  it  nearly  over  his 
head,  and  yet  of  a fmaller  fize  than  the  full  moon 
when  fome  hours  above  the  horizon,  I fhould  fufpeCt, 
that,  after  its  defcent  to  Fort  William,  it  had  re- 
afcended  at  the  time  he  faw  it ; becaufe  he  probably 
would  have  defcribed  it  as  a larger  body,  if  then  not 
higher  than  when  it  firft  difappeared. 

This  dipping  and  riling,  in  the  courfe  of  a meteor, 
is  not  more  extraordinary  than  its  lateral  deviation 
from  a {freight  line,  as  I have  elfewhere  {hewn*.  Such 


* See  the  note  fubjoined  to  Obf.  XXVII, 
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are  the  fads,  tho',  perhaps,  it  may  be  hard  to  account 
for  them  from  the  common  principles  of  motion. 
What  feemed  mod:  likely  to  be  the  caufe  of  the  verti- 
cal change  of  its  direction,  was  its  rapid  defcent  to- 
wards the  earth,  till  it  came  fo  low  as  that  the  refidance 
of  the  air  might  ad  upon  it ; in  which  cafe,  the  lower 
part  of  the  body  meeting  with  denfer  air  than  the  up- 
per, it  would  be  fo  refleded  from  that  medium  as  to 
afcend  ; for  tho’,  at  the  height  of  20  or  30  miles,  the 
air  is  extremely  rarified,  yet,  in  this  indance,  the  im- 
menfe  velocity  of  the  impingent  body  will  make  a 
lefs  redding  medium  produce  a greater  effed.  The 
meteor,  therefore,  might  be  refleded  by  the  air,  in 
the  fame  manner  as  a cannon  ball  by  water,  when  it 
drikes  it  in  a very  oblique  diredion. 

If  this  reafoningcan  be  admitted,  we  may  account 
for  the  lateral  variation  of  its  path,  in  the  manner 
following.  Although  it  fhould  feem,  that,  during 
the  fird  part  of  the  courfe,  the  wind  was  at  S.  E. 
yet,  when  the  meteor  advanced  towards  the  north  of 
Scotland,  it  there  probably  met  with  a wederly  wind  ; 
from  this  circumdance  in  Dr.  Mackenzie’s  letter,  of 
the  J'ea  being  that  night  remarkably  louder  than  at  any 
ether  time  during  a whole  month  he  had  been  at  Flow- 
er dale : for  that  place  lies  on  the  wedern  ocean,  in 
the  fldre  of  Rofs ; and  there,  I imagine,  the  fea  could 
not  produce  that  dormy  noife,  unlefs  the  wind  had 
blown  from  fome  point  between  the  wed  and  the 
north.  If  therefore  the  current  of  the  air  obliquely 
oppofed  the  motion  of  the  meteor,  that  body  would 
be  gradually  refleded  into  a new  diredion  ; from 
which,  by  another  current,  it  might  have  been  turned 
a fecond  or  a third  time,  until  it  fell  at  lad  into  that 
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path  defcribed  by  the  dodlor.  From  this  account  it 
will  follow,  that  the  lower  a meteor  defcends,  the 
more  irregular  its  courfe  will  be;  as  it  will  then  meet 
with  the  moft  refinance,  both  from  the  denfity  and 
the  currents  of  the  air. 

In  regard  to  the  velocity,  it  feems  almofl  incredible ; 
as  we  have  fufficient  data  for  computing  it  at  the 
rate  of  30  miles  in  a fecond.  But  if  we  allow,  that 
it  only  moved  through  half  the  fpace  in  that  time, 
we  fhall  find  the  progrefiion  of  this  body  to  have 
been  above  100  times  fwifter  than  the  mean  celerity 
of  a cannon  ball,  and  nearly  equal  to  that  of  the  earth 
in  its  orbit  round  the  fun. 

As  to  its  real  fize,  we  cannot  pretend  to  determine 
that  point  with  any  precifion ; fince  its  dazzling 
brightnefs  would  occafion  fome  deception,  and  the 
apparent  magnitude  has  been  fo  differently  repre- 
fented  by  the  obfervers.  If  the  meteor,  when  neared: 
to  Dublin,  appeared  to  Mr.  Garret  equal  to  the  full 
moon,  then  we  fhall  find,  that  its  true  diameter  was 
about  two  miles ; and  if  the  farmer  at  Ancram  faw 
this  body,  whilft  it  was  vertical  at  Cambridge,  of  a 
fize  equal  to  the  crown  of  his  cap,  or  to  about  half 
that  of  the  full  moon,  we  cannot  allow  lefs  than  a 
mile  for  the  real  axis.  Upon  eflimating  from  the 
obfervations  made  at  St.  Andrews  and  Dunfermline, 
the  diameter  was  at  lead:  half  a mile,  and  perhaps 
much  greater.  However,  as  the  imagination  is  fo 
apt  to  enlarge  fuch  objects,  we  fhall  put  the  fize  of 
the  globe  at  the  fmalleft,  and  reckon  it  only  about  a 
mile  and  a half  round. 

The  body  mud:  furely  have  been  of  a confiderable 
bulk  to  have  yielded  fuch  a light,  as  that,  when  in  the 
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zenith  of  Cambridge,  the  farmer  at  Ancram  (at  the 
diftance  of  above  260  miles)  fhould,  upon  entering 
his  threshold,  fee  the  whole  fide  of  his  houfe  illumi- 
nated by  it ; and,  to  ufe  his  own  expreflion,  with  a 
brightnefs  as  of  Jun-Jhine.  And  indeed  the  greatnefs 
of  the  light  is  every-where  taken  notice  of,  even  at 
thole  places  where  the  atmofphere  was  fo  thick  as  to 
hide  the  tail,  nay,  the  whole  meteor,  as  at  Auchen- 
leck,  where  it  was  nearly  vertical. 

As  for  the  tail,  it  was  a ftream  of  light  feveral 
miles  in  length  ; for  this  was  no  deception,  like  what 
we  luppofe  the  train  of  a (hooting  (tar  to  be,  but  was 
either  a real  flame,  or,  what  is  more  probable,  it 
con  lifted  partly  of  flame,  but  moftly  of  fmaller  mafles 
of  fire  (which  the  obfervers  call  Jparks , when  fall- 
ing out  of  the  lucid  tradf),  and  of  vapours  or  fuligi- 
nous particles,  not  heated  red-hot,  but  illuminated 
by  the  parts  actually  burning.  Perhaps  thefe  vapours 
were  the  chief  part  of  the  compofttion,  and  which 
will  account  for  its  light  being  fo  much  fainter 
than  that  of  the  head  ; fince  in  fome  places  where 
the  air  was  lefs  clear,  or  the  diftance  greater,  we  find 
the  whole  meteor  defcribed  either  as  a round  ball,  or 
a fpheroid  (with  the  largeft  axis  in  the  direction  of 
its  motion),  but  without  a tail.  In  this  laft  cafe, 
viz.  that  of  the  oval  form,  it  is  probable  that,  befides 
the  head,  the  beginning  of  the  tail  was  alfo  vifible,  as 
confiding  of  flame,  and  therefore  brighter  than  the 
reft  ; and  that  both  together  appeared  oblong  to  thofe 
obfervers.  But  fuch  as  were  neareft,  and  had  a clear 
atmofphere,  faw  the  tail  of  a confiderable  length  ; 
that  is,  the  flame,  the  fparks  and  the  illuminated 
vapour,  in  a train  behind  the  head,  as  being  lighter, 
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and  therefore  meeting  with  more  refinance  from  the 
air ; in  the  fame  manner  as  the  flame,  the  fparks, 
and  fmoak,  of  a torch  are  feen  to  follow  it.  All  this  is 
plain  j but,  in  regard  to  that  feparation  of  the  third  part 
of  the  tail  from  the  reft,  a circumftance  clearly  de- 
fcribed  by  the  farmer  at  Ancram,  and  feemingly  con- 
firmed by  other  obfervations,  there  may  be  fome 
difficulty.  Perhaps  at  this  period,  upon  a greater 
exploflon  in  the  ball,  moft  of  the  combuftible  matter 
was  thrown  out  at  once,  which  falling  behind,  occa- 
floned  that  appearance  of  the  breaking  off  a part  of 
the  tail,  whilft,  for  want  of  fuel,  the  remainder  va- 
nifhed,  or,  as  the  obferver  exprefles  it,  was  collected 
into  the  head.  This  account  is  rendered  more  pro- 
bable, by  what  is  faid  of  the  emiflion  of  a greater 
light  about  this  time,  and  by  the  loud  report  heard 
by  the  farmer  five  minutes  after,  and  which,  upon 
computing  the  diftance,  ought  to  have  reached  him 
much  about  that  time,  had  it  been  occafioned  by  this 
extraordinary  burfting  and  difperflon  of  the  inflam- 
mable matter. 

The  hiding  noife,  taken  notice  of  by  fome  while 
the  meteor  pafled  them,  was  a deception  of  that  kind, 
which  frequently  connects  found  with  motion  ; and 
is  the  cafe  of  thofe  who  fancy  they  hear  fomething, 
when  they  fee  the  fhootings  of  the  aurora  borealis  ; 

I fay  a deception,  becaufe  if  the  meteor,  during  its 
courfe,  really  made  any  noife,  fo  great  was  the  dif- 
tance of  that  body,  and  fo  fhort  its  continuance,  that 
this  found  could  not  have  been  heard  till  fome  mi- 
nutes after  the  return  of  darknefs.  But  the  final  re- 
port, fo  frequently  mentioned,  not  only  heard  by 
thofe  who  faw  the  light,  but  by  others  who  knew 
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nothing  of  what  had  happened,  was  a real  found,  and 
immenfely  greater  than  any  we  arc  acquainted  with. 
For,  at  the  diftance  of  70  miles  and  upwards,  it  was 
compared  to  loud  thunder,  the  report  of  heavy  artil- 
lery, the  fall  of  the  gabel- end  of  the  houfe  the  perfon 
was  in,  and  to  a mufket  fired  off  in  the  garret.  If 
this  noife  was  produced  when  the  body  threw  out 
thofe  maffes  of  burning  matter  (by  the  obfervers 
called  fparks  of  fire,  the  burfiing  of  the  tail,  and  de- 
lineated in  Fig.  7.  as  balls  of  a fmaller  fize  in  the 
train  itfelf),  we  fhall  find,  that  at  this  time  the  me- 
teor, by  being  more  than  41  miles  high,  was  in  a 
region  where  the  air  is  three  thoufand  times  rarer 
than  on  the  furface  of  the  earth ; that  is,  about  fix: 
times  rarer  than  in  a -common  exhaufted  receiver, 
where  fonorous  bodies  are  not  heard,  and  even  where 
gunpowder  and  the  pulvis  fulminant  take  fire,  and 
are  exploded,  but  without  noife.  Hence  I would 
infer,  that  the  feparation  of  the  elaftic  matter  muff 
have  been  performed  with  a velocity  exceeding  ail 
imagination ; as  the  intenfity  of  found  fo  much 
depends  on  the  reftftance  of  the  air,  and  as  this  ela- 
ftic matter  could  fly  off  with  fo  much  celerity,  as  to 
find  fo  great  an  oppofition  from  fo  thin  a medium  *. 

. I fhould  alfo  conclude  from  the  great  report,  that 
the  fubftance  of  the  meteor  was  of  a firmer  texture 
than  what  could  arife  from  mere  exhalations,  whe- 
ther formed  into  a fphere,  and  then  burning ; or  dif- 


* M.  Suluce  has  lately  fhewn,  by  fame  curious  experiments,  that 
fuch  fubftances  as  gunpowder  and  the  pulvis  fulminans,  have  a de- 
tonation in  proportion  to  the  rapidity  with  which  the  internal  air 
is  fcparated,  and  to  the  refinance  of  the  external  air.  See  Mi f cell. 
Taurimns,  Torn,  I. 
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pofed  into  a kind  of  train,  and  confumed  by  a run- 
ning fire : for  founds,  as  far  as  we  know,  are  either 
produced  by  the  quick  and  violent  percuflions  of  hard 
bodies  upon  the  air  ; or  by  the  fudden  expanfion  of 
an  elaftic  fluid,  after  being  condenfed  within  fome 
folid  fubftance.  The  noife  occafioned  by  the  motion 
of  ele&rical  matter  is,  perhaps,  the  only  exception  ; 
but  we  have  no  reafon  to  imagine,  that  this  was  at  all 
concerned  in  the  prefent  cafe.  There  feems  to  be 
the  more  ground  for  believing  this  body  was 
folid,  at  leaft  that  its  furface  was  fo,  from  finding, 
that,  after  the  violent  explofion,  it  hill  retained  its 
form  j a circumftance  that  could  hardly  take  place, 
if  the  meteor  had  confided  of  nothing  but  vapours. 
We  may  therefore  prefume,  that  the  burning  matter 
found  vent  through  a hard  cruft  by  certain  apertures, 
which  either  might  have  been  there  invifible,  or  un- 
obferved.  All  I can  fay  in  fupport  of  this  conjecture 
is,  that,  by  the  Memoires  of  the  Academy  of  Bo- 
logna, we  find  a meteor  appeared  in  Italy  in  the  year 
1715?,  lower  in  the  air  than  that  we  have  now  been 
treating  of,  and  in  which,  it  is  pretended,  four 
feveral  chalms  were  diftinguifiied,  each  emitting 
fmoke  *.  To  thefe  arguments  for  the  folidity  of  this 
body,  we  may  add  its  extreme  velocity,  and  the  in- 
tenfity  of  the  light ; which  are  likewife  circumftances 
more  conformable  to  a heavy  and  folid  fubftance, 
than  to  one  formed  of  exhalations  only. 

Upon  the  whole,  I believe  it  will  appear,  that: 
thefe  relations  are  not  favourable  to  the  prevailing 


* /Ippareb ant  in  eo  hiatus  feu  voragincs  quatuor  fumum  exhalantes. 
Injiit . iff  Acad.  Bonon.  Tom.  I.  p.  285. 
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hypothecs  about  the  formation  of  fuch  bodies,  which 
makes  them  to  confiffc  of  certain  fulphureous  vapours 
arifing  from  the  earth : for,  befides  what  has  been 
urged  above,  Dr.  Halley  has  fhewn,  “ That,  at  the 
te  height  of  41  miles,  the  air  is  fo  rarified  as  to  take 
<£  up  3000  times  the  fpace  it  occupies  on  the  furface 
<c  of  the  earth  ; and  that,  at  5-3  miles  high,  it  would 
“ be  expanded  above  30000  times : but  thinks  it  is 
<c  probable,  that  the  utmoft  power  of  its  fpring  cannot 
“ exert  itfelf  to  fo  great  an  extenfion ; and  that  no 
tc  part  of  the  atmofphere  reaches  above  45-  miles 
This  being  the  cafe,  how  can  we  fuppofe  any  fuch 
vapours  to  rife  to  the  height  of  90  or  100  miles, 
where  the  air  muft  be  fo  many  millions  of  times  rarer 
than  what  we  breathe  ? Again,  we  find  that  all 
vapours,  in  their  afcent,  mutually  repel  one  other; 
fo  little  do  they  feem  difpofed  to  run  together  into 
globes  of  fuch  a fize.  But  Dr.  Halley  obferves  (in 
treating  of  the  great  meteor  of  March  1719),  “ That 
“ tho’  the  aqueous,  and  moft  of  the  other  vapours, 
“ are  foon  condenfed  by  cold  ; and  wanting  a certain 
“ degree  of  fpecific  gravity  in  the  air  to  buoy  them 
“ up,  afcend  but  to  a fmall  height;”  yet  he  adds, 
in  favour  of  the  opinion  of  thefe  bodies  being  formed 
of  exhalations,  “ That  the  inflammable  fulphureous 
i(  vapours,  by  an  innate  levity,  have  a fort  of  vis 
centrifuga , and  not  only  have  no  need  of  the  air 
“ to  fupport  them,  but,  being  agitated  by  heat,  will 
“ afcend  in  vacuo  Boileano .”  From  hence  he  infers, 
“ That  the  fulphureous  vapours,  difengaged  from  all 
‘£  other  particles,  may  rife  far  above  the  reputed 


•*  Phil.  Tranf.  N°  181.  p.  104.  Abridg.  Vol.  II.  ch.  1.  § 9. 
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<c  limits  of  the  atmofphere;  and  contracting  them - 
ct  felves  into  a narrower  compafs,  by  that  principle 
“ of  nature  that  congregates  the  homogene  a,  may  lie 
“ like  a train  of  gunpowder  in  the  aether,  till  catch- 
“ ing  fire  by  fome  internal  ferment,  the  flame  may 
tc  be  communicated  to  its  continued  parts,  and  fo 
<c  run  on  like  a train  fired,”  &c  *.  But  this  hypo- 
thecs of  that  excellent  naturalift  feems  liable  to  the 
following  difficulties,  i.  What  are  the  experiments 
which  fhew,  that  inflammable  vapours  have  any  fort 
of  a vis  centrifuga  -y  or  will  rife  either  in  an  abfolute 
vacuum,  or  in  a medium  where  the  meteors  are  often 
found,  and  where,  according  to  the  doCtor,  the  air 
muff  be  five  hundred  times  rarer  than  in  a common 
exhaufted  receiver  fl-  ? 2.  Altho’  fulphureous  vapours 
may  afcend  from  the  earth,  upon  being  agitated  by 
heat,  will  not  that  volatility  foon  ceafe,  by  the  cold- 
nefs  of  the  air,  long  before  they  can  arrive  at  the  up- 
per regions  ? 3.  Does  not  all  matter,  capable  of 

taking  flame,  fuppofe  a proportion  of  an  acid  fait, 
adherent  to  the  phlogiftic  principle,  and  confequently 
fome  gravitation  ? 4.  And  will  not  the  weight  be 

increafed  by  the  large  quantity  of  condenfed  air,  or 
fome  other  elaftic  fluid  combined  with  the  inflam- 
mable vapours,  which  is  the  caufe  of  the  explofion 
and  report?  5.  Are  we  not  led  to  this  notion  about 
the  innate  levity  and  vis  centrijuga  of  igneous  matter, 
from  finding,  that  heat  has  a greater  tendency  upwards 


* Phil.  Tranf.  N°  360.  p.  978.  Abr.  Vol.  IV.  Par.  II.  Ch.  1. 
§28. 

f His  expreflion  is,  above  three  hundred  thoufand  times  rarer  than 
what  we  breathe, 
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than  downwards  ? but  is  not  this  owing  to  that  por- 
tion of  the  air,  which,  receiving  the  heat,  and  being 
thereby  dilated,  becomes  fpecifically  lighter  than  the 
reft,  and  therefore  rifes  in  the  colder  and  more  con- 
denfed  atmofphere  ? 6.  Suppofe  attraction  to  take 

place,  fhould  not  thofe  vapours,  by  that  law,  aflume 
a globular  form,  and  not,  like  a train,  contract  in 
breadth,  and  extend  in  length  ? 7.  What  is  to  fet 

this  train  on  fire ; fince  a ferment,  according  to  the 
chemifis,  implies  a mixture  of  heterogeneous  parts, 
contrary  to  the  doctor’s  hypothecs ? 8.  How  comes 

this  train  to  be  drawn  out  in  fo  ibreight  a line,  and 
of  fo  equal  a breadth,  infomuch  that,  in  the  path  of 
the  late  meteor,  for  about  400  miles,  there  was  no 
fenfible  deviation,  nor  any  change  in  the  magnitude  of 
the  luminous  appearance,  but  what  might  be  account- 
ed for  from  its  greater  or  lefs  diftance  from  the  ob- 
ferver,  or  its  being  feen  through  a clearer  or  an  ob- 
fcurer  atmofphere  ? 

Some  have  been  of  opinion,  that  thefe  fiery 
meteors  are  only  a kind  of  lightning,  at  greater 
heights  .than  common  ; forming  their  notion  upon 
the  velocity  of  thofe  balls  of  fire,  and  upon  the 
found  accompanying  them,  fo  much  refembling  that 
of  thunder.  But  this  bypot hejis  having  gained  no  cre- 
dit, I need  not  employ  time  in  refuting  it;  and  the 
lefs  now,  as  the  nature  of  lightning  is  fo  much  better 
underftood  than  when  this  theory  was  firft  publhhed. 
I (hall  only  obferve,  that  before  the  matter  of  light- 
ning was  difcovered  to  be  of  the  eleCtrical  kind,  it  was 
natural  to  luppole  it  to  be  formed  of  the  fulphureous 
vapours  arifing  from  the  earth  ; and  if  the  earth  was 
found  proper  for  producing  fuch  exhalations,  of 

courfe 


[ 27i  ] 

courfe  it  was  judged  capable  of  furnilhing  materials 
for  all  the  lucid  phenomena  in  the  sethereal  regions. 
Thus,  not  an  hundred  years  ago,  the  comets  them- 
delves  were  accounted  for  on  no  better  principle;  and 
therefore  we  are  the  lefs  to  wonder  if  thefe  meteors 
have  been  hitherto  almofl  condantly  referred,  even 
by  the  bed;  naturalids,  to  the  fame  origin. 

Of  all  the  hypotkefes  that  have  come  to  my  know- 
lege  on  this  fubjeCt,  a hint  of  Dr.  Halley’s  (in  a paper 
prelented  to  the  Society  feveral  years  before  the 
above-mentioned),  feems  bed  to  agree  with  the  late 
meteor ; viz.  that  fuch  bodies  may  be  formed  inde- 
pendent of  any  vapours  from  the  earth  *.  But,  with 
regard  to  the  red  of  his  conjecture,  that  the  one  he 
defcribed,  “ might  be  a collection  of  matter  formed  in 
“ the  aether  by  fome  fortuitous  concourfe  of  atoms; 
114  and  that  the  earth  had  met  with  it  newly  formed, 
and  before  it  had  conceived  any  great  impetus  of 
ct  defeent  towards  the  fun,”  I fay,  with  regard  to 
thefe  circumdances,  they  are  not  at  all  fupported  by 
the  prefent  cafe:  for,  if  we  confider  the  immenfe 
velocity  with  which  the  late  meteor  moved  north- 
wards (and  in  judging  of  which  we  could  not  be  de- 
ceived by  either  the  diurnal  or  annual  motion  of  the 
earth),  we  mud  be  convinced  that  the  earth  did  not 
meet  with  it  before  it  had  conceived  a confidcrable 
impetus  of  defeent,  either  towards  the  fun,  or  fome 
other  attracting  power.  Andaltho’  there  was  likewife  a 
motion  of  this  body  towards  the  earth,  as  appeared  by 
the  dipping  of  its  path,  yet  it  did  not  come  quite  down. 


* Phil.  Tranf.  N°  341,  d.  159.  Abr.  Vol.  IV.  Par.  II.  Ch.  1. 
§25* 
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as  might  have  been  expected,  had  gravitation  to  the 
earth  been  the  only  principle  concerned  j but  it  de- 
fended no  lower  than  to  a certain  depth  in  the  atmo- 
fphere,  after  which  it  feems  to  have  rifen  again,  and 
made  a conliderable  progrefs  in  the  higher  regions ; 
contrary  to  Dr.  Halley’s  opinion  about  fuch  meteors, 
which,  he  believed,  aftually  came  to  the  ground  *. 
And  here  I will  venture  to  affirm,  that,  after  perufing 
all  the  accounts  I could  find  of  thefe  phenomena,  I 
have  met  with  no  well-vouched  inftance  of  fuch  an 
event : nor  is  it  to  be  imagined  but  that,  conlidering 
the  frequency  of  fuch  appearances,  if  thefe  meteors 
had  really  fallen,  there  mult  have  been  long  ago  fo 
flrong  evidence  of  the  fa£t,  as  to  leave  no  room  to 
doubt  of  it  at  prefent.  Their  defcent,  under  the  ho- 
rizon, is  fufficient  to  make  the  common  obfervers 
believe  they  fee  them  come  to  the  ground,  whilft  an 
explofion,  high  up  in  the  air,  coming  late  to  their 
ears,  paffes  for  the  craffiing  noife  of  the  fall.  Not  that 
I call  in  queflion  the  poffibility  of  their  touching  the 
earth ; which  they  are  likely  to  do  as  often  as  they 
move  perpendicularly  towards  it,  and  not  in  that  ob- 
lique direction  fo  often  mentioned,  and  by  which 
means,  it  fhould  feem,  they  are  conflantly  reflected 
by  our  atmofphere.  All  that  I would  conclude  is,  that 
hitherto  we  have  had  no  certain  proof  of  their  fall ; 
and  it  is  to  be  hoped,  that  their  motions,  like  thofe 
of  the  comets,  have  been  fo  regulated  at  firft  by 
a governing  Power,  that  we  have  nothing  to  appre- 
hend from  their  aberration.  Unlefs  we  fhould  ima- 
gine, that  the  perpendicular  defcent  and  burffing  of 


* Videloc.  cit. 
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one  of  thefe  bodies  has  given  rife  to  the  ffcory  ol 
Phaeton ; fince  no  other  event  will,  perhaps,  fo  well 
account  for  not  only  the  foundation  of  that  fable,  but 
for  a prevailing  opinion  among  the  ancients,  that, 
befides  a large  tradt  of  country,  even  the  heavens 
themfelves,  in  appearance,  had  once  fuffered  by  a 
conflagration. 

If  it  is  then  probable,  that  thefe  balls  of  fire  come 
from  regions  far  beyond  the  reach  of  our  vapours ; 
if  they  approach  often  fo  near  to  the  earth,  and  fo 
feldom  or  never  touch  it  ; if  they  are  moved  with  fo 
much  celerity,  as  in  that  refpedt  to  have  the  charadter 
of  celeftial  bodies  ; if  they  are  feen  flying  in  all  di- 
rections, and  confequently  have  a motion  of  their 
own,  independent  of  that  of  our  globe;  if  they  part 
with  fuch  quantities  of  an  elafiic  fluid,  a phlogiflic 
matter,  and  probably  an  acid,  lurely  we  are  not  to 
confider  them  as  indifferent  to  us,  much  lefs  as  fortui- 
tous mafies,  or  trains  of  terreftrial  exhalations  in  the 
aethereal  regions ; but  rather  as  bodies  of  a nobler  orb« 
gin,  pofiibly  revolving  about  fome  center,  formed  and 
regulated  by  the  Creator  for  wife  and  beneficent  pur- 
pofes,  even  with  regard  to  our  atmofphere ; which, 
during  their  combuftion,  they  may  fupply  with  fome 
fubtile  and  falutary  matter,  or  remove  from  it  fuch 
parts  as  begin  to  be  fuperfluous,  or  noxious  to  the 
inhabitants  of  the  earth. 


Since  thefe  fheets  were  printed  off,  Dr.  Pringle  received  another  let- 
ter from  Sir  Robert  Pringle,  acquainting  him,  he  had  not  found  that 
part  of  his  intelligence  hold  good,  of  the  fhip  - mailer’s  feeing  the 
meteor  (of  the  26th  of  November  1758)  in  the  Baltick;  but,  upon 
further  inquiry,  had  learnt,  that  though  this  perfon  had  obferved  an 
appearance  of  the  fame  kind  in  thole  feas,  it  was  not  on  the  fame 
day. 
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Dr.  Pringle  thinks  it  likewife  proper  to  inform  the  public,  that, 
fince  his  paper  was  printed,  he  has  received  two  further  accounts  of 
the  meteor,  one  from  Mr.  Pringle,  fheriff-depute  of  the  fhire  of  Rox- 
burgh, the  other  from  Mr.  Garret,  of  Ifland-Bridge,  near  Dublin. 
Mr.  Pringle  fays,  “ that  having,  fince  his  1 aft  letter,  drawn  a more 
“ accurate  meridian,  at  the  farmer’s  houfe  at  Ancram,  he  now  finds, 
“ that  the  (hepherd’s houfe  (mentioned  p.  236  ) bears  nearly  S.  E.  by 
“ S.  from  the  farmer’s  dwelling- houfe ; that  the  hill  with  the  trees, 
over  which  the  meteor  feemed  to  break  (laid  down  in  Fig.  IV.  as  at 
•*  920  30'  W.  of  the  meridian),  really  bore  W.  by  N.  from  the 
“ obferver  ; and  that  the  bearing  of  the  luminous  body,  at  the  point 
«*  of  its  extinftion,  was  nearly  VV.  N.  W.  and  not  due  N.  W.  as  the 
“ farmer  at  firft  imagined,  who,  upon  this  laft  furvey,  was  convinced 
tf  of  his  miftake.”  Upon  this  communication,  Dr.  Pringle  drew, 
on  two  different  maps,  a W.  N.  W.  line  from  Ancram  to  the  path  of 
the  meteor,  and  found,  that  in  Elphinfton’s  map  of  Scotland,  the 
interfeclion  was  a few  miles  to  the  eaftward  of  Glafgow,  but  in 
Kitchin  s map  a little  to  the  weftward  of  it.  In  confequence  of  thefe 
laft  obfervations,  the  Doctor  has  fixed  the  point  of  extinction  to  the 
zenith  of  that  city.  But  as  Glafgow  lies  about  76  miles  to  the  fouth- 
ward  of  Fort  William,  over  which  the  meteor,  in  the  preceding  paper, 
was  fuppofed  to  difappear,  the  firft  courfe  of  that  body  is  reduced  to 
about  324  miles  in  thirteen  feconds  of  time,  and  its  velocity  therefore 
to  about  25  miles  in  one  fecond.  Mr.  Pringle  has  likewife  acquainted 
the  DoCtor,  “ that  the  farmer,  on  feeing  the  engraving  of  the  4th 
4‘  figure  (of  which  Mr.  Pringle  had  received  a copy),  had  found  fault 
“ with  the  fize  of  the  head  of  the  meteor,  as  being  too  large  in  pro- 
“ portion  to  the  length  of  the  whole  ; fince,  to  his  imagination,  the 
“ diameter  of  the  head  did  not  exceed  8 inches,  and  that  the  tail  feemed 
-«*  to  be  about  3 or  4 yards  long.” 

Mr.  Garret  acquaints  Dr.  Pringle,  “ that,  fince  his  firft  letter  to  the 
DoCtor,  Emanuel  Miller  and  he,  having  communicated  their  obfer- 
“ vations  to  Mr.  William  Gibfon,  mathematician,  at  Dublin,  that 
“ gentleman  had  come  to  Ifland-Bridge,  and  having  made  a furvey 
“ with  his  initruments,  found,  that  the  greateft  altitude  of  the  meteor 
“ was  no  more  than  1 2 degrees.” 

Errata. 

P.  240.  lin.  penult,  for  P Q_R  U,  the  path  of  the  tail  broke  off  over 
the  trees,  read  Q_R  S U the  path.  E F the  tail  broke  off. 

In  the  plate,  E F the  breaking  of  the  tail , fhould  not  have  been 
xeprefented  as  direCtly  over  the  trees,  but  a little  more  to  the  fouth- 
ward,  fo  as  to  bring  the  ball  W (viz.  the  meteor  at  its  extinction) 
perpendicularly  over  the  faid  trees. 


XXVIU.  Thoughts 


[ 275  ] 


XXVIII.  Thoughts  on  the  different  Impregna- 
tion of  Mineral  Waters  \ more  particularly 
concerning  the  Ex  i fence  of  Sulphur  in  fo7ne 
of  them,  by  John  Rutty,  DoElor  of  Phyfc. 

Read  Nov.  I5.TNASMUCH  as  the  exigence  of  fulphur 
n JL  in  waters  hath  been  doubted,  not  only 
by  Lifter  and  Hoffman,  but  by  another  author,  that 
has  lately  appeared,  to  whom  the  public  has  been, 
in  fome  meafure,  indebted  for  exploding  fulphur 
from  fome  waters,  on  which  it  had  been  too  liberally, 
and  without  the  due  evidence  of  experiment,  attri- 
buted ; I have  therefore  thought  it  worth  while  to 
review,  collect,  and  fum  up,  the  evidences  of  fulphur 
in  waters,  in  order  to  (hew,  not  only  that  antiquity 
hath  not  altogether  rafhly  attributed  fulphur  to  wa- 
ters, but  how  far  the  exiftence  of  that  mineral  is  de- 
monftrable  to  fenfe  in  feveral,  and  more  efpecially 
the  cold,  waters  of  that  denomination. 

1.  That  the  fetor  of  thefe  waters  is  not  owing  to 
mere  ftagnation ; and  that  they  poflefs  fomething 
more  than  what  common  water  acquires  by  putrefac- 
tion, appears  not  only  from  Dr.  Short’s  obfervation 
of  fome  of  thefe  having  a full  and  brifk  current,  but 
becaufe  putrid  rain-water,  and  many  of  our  chalybeat 
waters,  turned  putrid  by  keeping,  do  not  difcolour 
metals,  as  thefe  waters  do. 

2.  The  effects  of  thefe  waters,  and  their  vapours, 
in  difcolouring  metals,  and  their  peculiar  fmell  and 
flavour,  like  that  of  boiled  eggs,  and  in  the  ftronger 
like  that  of  rotten  eggs,  are  perfectly  fimilar  to  thofe 
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of  the  artificial  folution  of  fulphur,  and  its  va- 
pours. 

3 . Many  of  thefe  waters,  both  foreign  and  domef- 
tic,  are  found  to  contain  the  native  alcaline  fait,  which 
is  the  proper  mendruum  for,  and  has  the  fame  effed 
in,  diffolving  fulphur,  as  the  artificial  alcali ; viz.  not 
only  the  hot  waters^if  Aix  la  Chapelle  and  Borfel,  but 
the  cold  of  Geronderre  ; and,  in  England,  thofe  of 
Chadlington,  Nottington,  Bilton,  Quincamel,  Sutton - 
bog,  and  Wigglefworth  j and  the  following  in  Ire- 
land, viz.  thofe  of  Stoadlingbar,  Derryleder,  Lif- 
blenk,  Afhwood,  Derryherce,  Anaduff,  Aghaloo> 
and  one  lately  difcovered  at  Lucan  near  Dublin. 

4.  Accordingly  a milkinefs,  or  incipient  precipita- 
tion, analogous  to  lac  fulphuris,  is  produced  in  feve- 
ral  of  thefe  waters,  by  dropping  acids  into  them  ; par- 
ticularly in  thofe  of  Aix  la  Chapelle,  even  according  to 
Dr.  Lucas's  own  tedimony  of  the  effeds  of  diddled 
vinegar  on  it,  and  in  that  of  Moffat  in  Scotland ; of 
Harrigate;  in  our  Swadlingbar  water,  and  another  of 
our  fprings  of  this  fort  in  the  C.  Fermanagh  : and 
to  this  add  the  white  hairy  mucus  ordinarily  precipi- 
tated on  the  flicks,  or  grafs,  in  the  paffage  of  thefe 
waters,  analogous  to  a magideryof  fulphur. 

f.  The  fulphur  in  waters  is  in  a mod  highly  atte- 
nuated, fubtile,  and  fugitive,  date;  infomuch  that,  as 
Dr.  Lucas  obferves  of  thofe  of  Aix  la  Chapelle,  there 
is  a great  alteration  in  the  colour  of  the  precipitate 
caufed  by  folution  of  filver  in  that,  which  hath  been 
immediately  drawn  from  the  fource,  and  that  which 
has  lain  by  only  twenty  feconds,  even  in  a bottle 
filled,  and  clofe  dopt ; fo  foon  is  it  lod  or  difiipated : 
and  moreover,  it  is  alfo  blended  with  other  minerals ; 

fo 
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fe  that  it  is  rio  wonder  it  fhould  be  difficult  to  exhibit 
a palpable  fulphur,  and  that  the  diftinguifbing  appear- 
ances proper  to  that  mineral  fhould  often  fail,  parti- 
cularly the  above-mentioned  tefl  by  acids,  and  the 
burning  blue. 

6.  That  a real  fulphur,  or  bituminofo-fulphureous 
fubftance,  is  diflblved  in  thefe  waters,  and  fubfifts  in 
fome  of  their  lefs  volatile  or  more  fixed  parts,  is  evi- 
dent from  the  following  appearances  in  the  mud  and 
fcum  collected  from  feveral  of  them  : for  the  mud  of 
feveral  of  the  cold  waters  I have  called  fulphureous, 
as  well  as  that  of  feveral  hot  baths  in  Germany  and 
Hungary,  mentioned  by  Browne  in  his  Travels,  is 
variegated  with  the  feveral  colours  of  yellow,  green, 
and  red,  as  the  real  fulphur,  and,  in  fome  experi- 
ments, burnt  with  a blue  flame,  and  a fulphure- 
ous fmell ; and  the  like  evidences  may  be  given  of 
the  fulphureous  quality  of  the  fcum  of  divers  of  our 
cold  waters,  particularly  in  that  of  Meehan,  in  the 
north  of  Ireland,  which,  being  dried,  exhibited  on 
the  upper  fide  a whitifh  yellow,  or  cream-colour ; 
but  underneath  a deep  grafs-green,  a pale,  beautiful 
gold-colour,  and  a light  reddifh  pink-colour,  inter- 
fperfed  in  a fubftance  of  a leaden  black ifh  colour ; 
every  colour  excellent  in  its  kind,  and  as  llippery  as 
frogs  fpawn : varieties  of  colours,  like  thefe,  being 
alfo  found  in  the  preparation  of  lac  fulphuris  vari- 
oufly  expofed  to  the  air.  But,  to  come  to  more  direct 
proofs,  we  are  affined,  in  Short’s  firft  volume  of  his 
Hiftory  of  mineral  waters,  as  to  the  cold  waters  of 
Harrigate,  that  both  the  mud  and  fcum  burnt  with  a 
blue  flame,  and  fmeltftrong  of  fulphur  5 and  that 
great  quantities  of  yellow  fublimed  flowers  of  fulphur 

have 
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have  been  found  under  the  bafons  of  that  well.  And 
Dr.  Peter  Shaw  affirms,  that  real  brimftone,  even 
found  to  be  fo  by  proper  trials,  hath  been  feen  float- 
ing in  the  water  like  feathers,  and  feparable  by  bare 
draining:  and  to  all  this  agrees  the  obfervation  I have 
frequently  made  on  feveral  of  thefe  cold  waters,  viz. 
certain  light  purple-coloured  pellicles  are  frequently 
found  floating  in  them,  which,  being  dried,  fparkle, 
flame,  and  flunk,  on  the  red-hot  iron.  But,  to  con- 
clude, the  oneration  and  effedts  of  feveral  of  thefe 
our  cold  waters,  altogether  fimilar  to  thole  of  ful- 
phur,  abundantly  confirm  their  impregnation  with 
that  mineral. 

Thus  it  appears,  that  fulphur  is  not  confined  to  the 
hot  baths  of  Aix  la  Chapelle,  and  a few  more  abroad, 
but  is  found  alfo  in  the  cold  waters  of  both  England 
and  Ireland ; and  as  thefe  have,  of  late  years,  been 
fubjedted  to  a minute  examination,  I fhall  fubjoin  a 
brief  comparifon  between  the  one  and  the  other  from 
experiment  and  obfervation  : thus, 

1.  Is  the  fmell  of  the  waters  of  Aix  la  Chapelle 
like  that  of  the  walkings  of  a foul  gun,  or  like  that 
of  the  folution  of  fulphur  in  an  alcaline  lye  ? So  is 
that  of  our  cold  waters  called  fulphureous. 

2.  Do  Aix  la  Chapelle  waters,  taken  from  their 
fource,  turn  filver  of  a gold -colour,  and  blackifh;  and 
with  its  folution,  2nd  that  of  fugar  of  lead,  exhibit 
a dark-coloured  precipitation  ? So  do  our  waters 
called  fulphureous. 

3.  Does  Aix  la  Chapelle  water,  on  dropping  di- 
flilled  vinegar  into  it,  exhibit  a milkinefs,  analogous 
to  lac  fulphur  is  ? So  divers  of  the  cold  waters  above- 
mentioned  do  alfo  exhibit  a white  cloud  with  other 
acids. 
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4.  Do  the  waters  of  Aix  la  Chapelle  and  Borfel 
contain  an  alcaline  fait  ? So  do  many  of  our  cold 
waters  above  enumerated. 

5*.  Is  diver,  borne  in  the  pockets  during  a courfe 
of  Aix  la  Chapelle  waters,  tarnifhed  ? The  like  ef- 
fect hath  been  obferved  in  feveral  of  our  cold  wa- 
ters. 

6.  Do  the  waters  of  Aix  la  Chapelle  yield  flowers 
of  fulphur  ? and  do  fome  of  the  fprings  of  Borfel  pre- 
cipitate a magiflery  of  fulphur  ? The  like  hath  been 
obferved  in  fome  of  our  cold  waters  above  enume- 
rated. 

7.  Are  the  baths  of  Aix  la  Chapelle  of  known 
efficacy  in  the  cure  of  the  itch,  impetigo,  vitiligo,  and 
ulcers  ? So  are  the  cold  waters  above  enumerated,  as 
appears  from  the  fignal  fucceffes,  which  have  attended 
their  ufe,  even  in  fome  of  the  moft  inveterate  and 
rebellious  diforders  of  this  kind. 

Is  there  any  rafhnefs  then  in  concluding,  that  thefe 
our  cold  waters  do  alfo  contain  fulphur  fubftantially 
diflolved  in  them,  and  differ  from  the  hot  ones  of 
Aix  la  Chapelle  and  Borfel  in  nothing  but  heat,  and 
the  different  proportions  of  impregnating  minerals  of 
the  fame  quality  ? 

Hence  appears  the  great  ufefulnefs  of  examining 
mineral  waters  in  concert ; for  as  various  accidental 
circumilances  give  occalion  to  different  'appearances, 
the  examination  of  a competent  number  and  variety 
of  them,  helps  to  fupply  the  defeats  in  the  hiftories 
of  fome  of  them.  And,  if  this  were  further  profe- 
cuted,  I doubt  not  but  fulphur  in  fubflance  might 
be  obtained  from  feveral  of  them,  as  well  as  from 
Aix  ; which  is  therefore  recommended  to  phyficians 
and  naturalifls. 
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So  much  may  {office  concerning  fuch  waters, 
wherein  iulphur  is  the  predominating  ingredient;  but 
there  are  others,  wherein  there  are  ftrong  indications 
of  its  prefence  in  a fmaller  proportion,  and  mixed 
v/ith  other  minerals;  and  indeed,  perhaps,  few  waters 
are  without  an  admixture  of  it ; for,  beiide  feveral 
plain -waters,  efpecially  luch  as  contain  the  native 
alcali,  and  the  purging  wraters,  fea-water,  the  brine- 
fprings,  and  the  chalybeate  waters,  all  which  mani- 
feft  a fetor  by  putrefadtion,  and  fome  of  them  there- 
upon the  like  d.i  (colourations  of  metals  as  die  fulphu- 
reous  waters,  the  chalybeate  waters,  in  particular, 
manifeft  a fulphureous  admixture,  by  the  cream, 
which  they  throw  up  to  the  furface,  the  various  co- 
lours whereof,  and  its  difcolouring  metals,  are  marks 
of  Iulphur. 

There  are,  moreover,  feveral  other  waters,  even 
fome  of  thofe,  which  otherwil'e  make  the  neared  ap- 
proach to  pure  element,  having  very  little  falts  or 
earth,  which  I have  mentioned  in  the  beginning  of 
this  work,  which  alfo  give  ftrong  fulpicions  of  fome 
degree  of  a fulphureous  impregnation,  by  the  purple 
and  black  fediments  precipitated  from  them  by  fo- 
lution  of  diver ; which  are  eminently  confirmed  by 
a late  examination  of  the  celebrated  Holy  wells  at 
Malvern,  publifhed  in  the  yoth  volume  of  the  Tranf- 
adtions,  and  there  extolled  for  many  cures;  which, 
altho’  they  do  not  yield  quite  a grain  of  folid  contents 
from  a pint  upon  evaporation,  give  three  evidences  of 
iulphur. 

i.  The  purple  powder  precipitated  from  them  by 
folution  of  filver.  2.  In  exhaling  the  water  ilowly 
in  a filver  vellel,  the  bottom  of  the  veil'd  was  tinged 
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of  a pale  yellow  colour,  as  if  it  had  been  gilded.  3. 
When  exhaled  almoft  to  a drynefs,  it  emitted  vapours 
of  the  fmell  of  burning  brimftone. 

And  laftly,  befides  all  thefe,  I have  frequently  re- 
marked  of  feveral  other  waters,  here  and  there  men- 
tioned in  this  work,  that  their  fediments,  obtained  by 
evaporation,  did  manifeft  fome  pittance  of  this  mine- 
ral, by  the  fetor  they  acquired  on  being  rubbed  with 
fait  of  Tartar;  which,  in  the  language  of  our  author 
above-mentioned,  being  attracted  by  the  acid,  the 
phlogifton  is  let  loofe. 

I have  above  recommended  the  farther  inveftiga- 
tion  of  fulphur  as  a defideratum  in  the  hiftory  of  mi- 
neral waters ; and  (hall  now  beg  leave  to  conclude 
this  paper  with  the  mention  of  two  or  three  more 
articles,  which  greatly  want  further  elucidation. 

The  firfl:  is  alum,  which,  although  hitherto  found 
but  in  extremely  few  waters,  and  chiefly  in  thofe  of 
Nevil  Holt,  Ballycaftle  acid  water,  and  perhaps  in  the 
Hartfell  water  in  Scotland,  above-mentioned,  accord- 
ing to  fome  late  experiments ; yet  the  genuine  cryf- 
tals  of  alum  have  not  as  yet  been  fatisfadlorily  de- 
monftrated  in  any  of  thefe. 

The  fecond  is  the  volatile  mineral  alcali,  which 
the  nitre  of  the  ancients  contained;  and  fome  of  our 
mineral  waters  here  and  there  give  ftrong  fufpicions 
of,  by  the  experiments  with  a mixture  of  quick-lime, 
and  of  the  folution  of  mercury  fublimate  corrofive : 
but  this  matter  greatly  merits  farther  inquiry,  and 
feveral  difficulties  attending  it  remain  neceflary  to  be 
explained. 

Thirdly,  the  hint  lately  given  in  the  49th  Vol. 
Part.  II.  of  the  Tranfaflions,  of  the  efficacy  of  the 
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Carollbadt  water,  as  fuperior  to  lime-water,  in  dif- 
folving  ftones  out  of  the  body,  if  confirmed  by  cor- 
refpondent  events  in  the  internal  ufe,  would  be  a dis- 
covery of  the  greateft  moment,  and  highly  deferves 
to  be  profecuted. 

I fliall  only  obferve  here,  that  the  principal  mine- 
rals impregnating  it  are  a native  alcaline  fait,  and  a- 
calcarious  earth  ; and  that  the  Aix  la  Chapelle  waters 
are  not  without  fuch  a fait  and  earth  alfo,  and,  which 
is  of  more  moment,  they  are  reported,  by  long  tak- 
ing, to  render  the  urine  alcaline,  even  as  do  the  Ca~ 
rolfbadt  waters  j and  we  are  alfo  told,  that  calculi, 
macerated  twenty-four  hours  in  the  water  of  Aix  la 
Chapelle,  have  been  reduced  to  a fand,  or  foft  con- 
fiftence  : but  how  far  this  laft,  the  Selters,  the  Bourne 
waters,  or  our  Tilbury  water,  or  others  alike  impreg- 
nated, may  participate  of  a like  virtue,  mull  be  de- 
termined by  further  obfervation  and  experience. 

Dublin,  the  24th  3d  mo.  1759. 


XXIX.  An  Account  of  the  EffeSts  of  a 
Storm  of  I bunder  and  Lightning  at  Kick- 
manfworth,  in  Hertford  (hire,  on  the  16  th 
of  Inly,  1 7 5 9 : In  a Letter  from  Mrs . 
Anne  Whitfeld.  Communicated  by  Mr. 
John  Van  Rixtel,  F.  R.  S. 


S I R, 


Rickmerfworth,  Q&.  22.  1759. 


Read  Nov.  15, 
1 7 59* 


Y fon  not  being  at  home,  I have 
taken  upon  me  to  comply  with 
your  requefl,  in  giving  you  an  account  of  the  damages 


we 
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•we  fuflained  by  the  thunder  and  lightning  on  the 
1 6th  of  July  laft.  It  was  about  a quarter  after  eight 
in  the  morning,  when  I had  but  juft  got  out  of  the 
window  where  I had  been  fitting,  and  which  is.  in 
the  weft  fide  of  the  ho ufe3  and  was  not  got  half-way 
crofs  the  parlour,  before  aviolent  ftorm  of  thunder  and 
lightning  burft  in  at  one  of  the  fa  (lies,  and  broke  five 
large  panes,  and  tore  down  the  (butter,  and  (hive red 
the  window-feat,  that  the  fplinters  palled  by  me  to 
the  farther  end  of  the  room  ; and  one  fide  of  me  was 
covered  with  the  glafs : one  pane  alfo  was  broke  to 
pieces  where  I had  been  fitting.  I had  the  mortifica- 
tion to  ftand  fo  near  the  window,  as  to  fee  all  the  tiles 
and  a chimney  (hoot  off  from  the  houfe,  as  if  (hot  out 
of  a fkuttle  : the  noife  was  fo  great,  that  at  firft  I 
apprehended  the  drum  of  my  ears  broke,  and  it  was 
fome  time  before  I was  able  hear  at  all,  and  fome 
hours  before  I perfectly  recovered  my  hearing.  The 
fulphureous  fmell  was  fo  great,  I cannot  deferibe  it, 
and  the  heat  I felt  on  my  cheek  and  head  not  to  be 
conceived,  without  the  fame  being  felt.  When  it 
had  ceafed,  I was  going  out  at  the  door,  and  was  met 
by  my  daughter,  with  her  comb-tray  under  her  arm, 
and  fplit ; who  in  a mournful  tone  faid,  Mamma,  I 
am  almoft  killed.  On  her  telling  me  it  had  broke 
into  her  room,  I immediately  went  up : I two  or 
three  times  attempted  going  into  her  chamber  before 
I could  venture,  and  then  not  without  covering  my 
face  with  a thin  apron  I had  on  ; the  fulphur-fmoke 
and  duft  being  fo  great,  that  I was  almoft  fuffocated, 
befides  it  being  fo  darkened  by  it  that  I could  not  fee 
the  window,  which  I felt  out,  and  let  open.  When 
the  duft  and  fmoke  had  a little  fubfided,  how  deplo- 
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rable  was  the  fight  to  me,  and  feveral  of  our  neigh- 
bours! who  by  that  time  were  come  in.  To  give  you 
feme  faint  idea  of  it,  tho’  beyond  my  defeription,  it 
had  burft  into  one  fide  of  the  room,  where  there  had 
formerly  been  a window,  now  blocked  up,  but  the 
iron-bars  left  {landing,  which  were  all  forced  down, 
and  a very  large  hole  made  through  the  bricks,  and  the 
timber  lplit,  a fplinter  being  carried  crofs  the  room, 
and  fluck  into  the  lead  of  a fmall  window,  that  gave 
light  to  a pafifage ; the  bed  driven  at  lead  two  foot 
from  its  place  j the  rail  the  vallance  were  nailed  to 
fplit  in  funder ; all  the  vallance  were  unnailed,  and 
the  rings  torn  off  from  the  curtains,  and.  feme  of  the 
teller  torn  ; the  locks  of  a bureau  and  corner-cup- 
board forced  open,  with  the  bolts  handing  upright;, 
fome  pictures  were  broken,  and  a little  India  cabinet 
broken  to  pieces,  and  almofl  every  thing  that  was  in 
the  drawers  of  it:  there  was  a fmall  hand,  with  a wafli- 
hands  bafin  on  it,  and  a decanter  of  water  clofe  to  it* 
the  bafin  was  broken  to  pieces,  and  the  decanter  not 
hurt : the  window  was  Shattered  to  pieces,  and  the 
hangings  of  one  fide  the  room  torn.  My  daughter  was 
in  the  room  at  this  time,  and  not  hurt,  any  more 
than  forced  againh  the  bed-poh,  fuffocated  with  ful- 
phur,  and  almoh  deaf  as  I was : it  was  thought  her 
comb-tray  preferved  her  arm,  by  keeping  it  hollow 
from  her  waih,  as  that  was  fplit,  as  if  knocked  in  on 
one  fide  with  a hammer;  and  the  door,  very  fortu- 
nately being  open,  gave  fome  air, which  otherwife  could 
not  be  had,  as  there  was  no  chimney  in  her  room, 
and,  as  fhe  faid,  affifted  her  in  making  her  cfcape 
the  fooner  ; for  fhe  only  felt  out  the  door  ; fo  that,  had 
it  been  faflened,  as  it  was  two  or  three  minutes  before 
3 this 


, this  happened,  (he  would  have  been  fuffocated  be- 
fore die  could  have  got  out : a memorable  providence 
of  the  Almighty ! which  (he  and  I ought  always  to 
be  thankful  for.  I then  went  into  the  next  chamber 
on  one  fide  of  hers,  where  the  chimney  had  fallen 
from,  that  lay  open  to  the  air : a large  done  round 
the  chimney,  in  dead  of  marble,  hung  dropping,, 
which  was  forced  to  be  taken  down  by  two  or  three 
men,  to  prevent  its  breaking  the  marble  hearth : 
the  chimney-board  and  a brafs  hearth  broken  to 
pieces,  as  was  the  wainfcot  over  the  chimney : fix 
panes  of  the  falli- window  were  broken.  I then  re- 
turned from  viewing  the  mifehief  done  up -flairs,  and 
went  into  the  garden ; the  door  into  it  had  a large 
piece  of  ftrong,  found  oak  fplit  off,  and  carried  away: 
a done  fixed  into  the  gravel,  to  receive  the  water 
from  the  fpouts,  was  thrown  upon  its  edge,  and 
finoaked  like  a boiling  pot,  occafioned,  I fup- 
pofe,  from  being  wet  with  the  rain,  that  had  fallen  a 
little  before  the  thunder-clap,  that  did  this  damage : 

. about  ten  yards  from  this  done,  the  gravel  was  torn 
up  as  if  with  a plough-fhare.  A little  garden,  that 
had  two  gates  oppofite  each  other ; the  one,  in  the 
fame  wed  front  as  the  houfe,  was  fplit  to  pieces;  and 
the  leaden  fpout,  that  went  down  the  fide  of  the  gate, 
was  beat  fiat,  and  the  ground  round  it  thrown  up  : the. 
other  gate  had  its  eell  torn  quite  up  : the  lead  over  the 
door  and  windows  of  that  fide  of  the  houfe  rolled  up 
like  a fheet;  and,  what  is  more  amazing,  the  cham- 
ber, over  the  parlour  that  was  fo  much  damaged^ 
hurt ; yet  the  two  beyond  it  received  fo  much  damage 
as  I have  before  related  ; and  none  of  the  rooms  under 
the  aforefaid  chambers  were  in  the  lead  hurt.  Thefe, 


this  prelent  time  to  admit  me  to  recount : and  this 
account  you  may  depend  on  as  authentic,  as  more 
than  an  hundred  people  can  teftify,  that  docked  in 
on  that,  and  for  feveral  days  after,  to  view.  If  this 
is  any- wife  fatisfadtory  to  you,  it  will  give  great  plea- 
fure  to, 


Effe&s  of  Lightning , in  a Letter  to  Dr. 
Gowin  Knight : By  Mr.  William  Moun- 
tains, F.  R.  S. 

Dear  Sir, 

ReadNov.  22’^~T~^H E following  account  of  the  effedts 
1/)9'  of  lightning,  in  my  neighbourhood, 

I have  drawn  up  for  your  perufal;  and,  if  it  meets 
with  your  approbation,  be  pleafed  to  communicate 
the  fame  to  the  Royal  Society , or  difpofe  of  it  in  any 
other  manner,  as  you  fliall  think  proper. 

During  the  morning  of  July  the  16th  laft,  was 
much  thunder  and  lightning : about  eight  o’clock 
was  heard  an  extraordinary  loud  crack,  which  feemed 
to  me  very  near,  as  the  large  flalh  and  found  were 
aim  oft  coincident.  In  a few  minutes,  there  was  an 

alarm, 


S I R, 


Your  humble  fervant, 

Anne  Whitfeld. 


XXX.  An  Account 


S. 
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alarm,  that  an  houfe  was  on  fire  in  Goat- ft  reef.  I 
readily  fufpedted  the  caufe,  and  foon  after  went  to 
the  place,  in  order  to  inquire  into  particulars,  and 
was  informed,  that  three  houfes  were  damaged  in 
that  place. 

The  firft  houfe  I entered  into  was  inhabited  by 
Mr.  William  Loft,  a cuftom-houfe  waterman,  which 
was  almoft  untiled  on  the  weft  fide,  and  being  of 
timber,  was  very  much  fplit  and  fhattered  : fome  of 
the  weather-boards  were  thrown  outwards  to  the 
bottom  of  the  garden,  to  the  diftance  of  about  thirty 
feet  from  the  houfe,  and  the  windows  were  forced 
inwards ; but  no  damage  was  done  to  this  houfe  by 
fire. 

Jt  may  not  be  amifs  to  mention,  that  feveral  fmall 
pieces  of  giafs,  in  the  leaded  windows,  were  impel- 
led with  fuch  force,  as  to  ftick  very  faft  in  a door 
which  was  oppofite,  and  in  the  hard  plaiftered  parti- 
tion ; fome  of  which  I drew  out  of  both,  which, 
together  with  fome  bits  of  melted  window-lead,  you 
will  find  in  the  box  N°  1. 

The  fecond  houfe,  that  I examined,  was  that  of 
Mr.  Arthur  Tawke,  a fail-maker,  on  the  oppofite 
fide  of  the  ftreet,  to  the  eaftward.  This  was  the 
houfe  faid  to  have  been  on  fire  ; and  here  I found  the 
following  accidents  and  effects ; viz.  the  window- 
fhutters  of  the  back  parlour,  on  the  eaft  fide,  were, 
flattered,  and  moft  of  the  bell- wire  in  this  room 
melted ; its  track  on  the  wainfcot  much  Tcorched, 
but  more  fo  at  the  cranks:  a. hole  was  burnt  in  a 
copper-plate  print,  which  hung  under  the  wire;  and, 
along  the  fame  fide  of  the  room,  feveral  rufh-bot- 
tomed  chairs  were  burnt  in  fpecks  a^ad  holes  of  dif- 
ferent 
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ferent  forms  and  fizes : the  floor  had  the  like  marks 
of  burning,  more  efpecially  under  the  courfe  of  the 
wire : on  the  projections  of  the  wainfcot,  I found  fe- 
veral  granulations,  and  longer  pieces  of  the  wire,  fome 
of  which  were  bedded  in  burnt  cavities.  A few  of 
thefe,  taken  out  by  hand,  I examined ; but  could  not 
find,  that  they  were  impregnated  with  any  magnetic 
quality. 

I afterwards  employed  magnets  in  fearch  of  the 
iron  particles,  which  were  found  in  the  crevices  of 
the  wainfcot,  Teams  of  the  floor,  and  in  the  bottoms 
of  the  chairs,  &c.  which  you  will  meet  with  in  the 
box  No  2. 

The  fervant  maid  was  handing  in  the  door-way, 
between  this  room  and  the  fore -parlour,  when  the 
ftroke  happened,  and  gives  this  very  Ample  defcri-- 
ption  of  what  fine  faw  j viz.  “ that  the  appearance 
“ in  the  room  was  like  a fhower  of  fire.” — The  di- 
fperfion  and  fall  of  the  red-hot  particles  of  the  melted 
wire  would  make  fuch  a reprefentation  very  natural. 

In  the  fore-chamber,  up  one  pair  of  flairs,  winch 
lies  to  the  weft,  Mrs.  Tawke  was  in  bed,  having 
lately  laid-in  : the  flafh  alarmed  her  much ; but,  hav- 
ing recovered  from  the  fright,  Are  perceived  a ful- 
phureous  fuffbeating  fmell. — By  her  direction,  a dark 
clofet  near  the  bed -fide  was  examined,  and  found  full 
of  fmoke  and  flames,  which  were  foon  extinguifhed. 
Hence  arofe  the  before-mentioned  report  of  an  houfe 
being  on  fire. 

In  this  clofet,  I found  the  bell-wire,  coming  from 
the  parlour  below,  to  be  intirely  melted,  or  difperfed, 
but  the  effeCt  ceafed  at  the  crank, which  tranftnitted  it 
to  the  chamber  adjoining,  where  it  remained  intire. 

A 
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A pair  of  ftriped  cotton  trowfers,  at  the  diftance  of 
4 or  5 feet  from  any  part  of  the  wire,  were  burnt 
almoft  to  tinder,  a piece  of  which  is  here  prcferved 
in  the  box  No  y. 

An  old  wig-box  was  burnt  in  part : a fheet  was 
burnt  through  feveral  folds,  in  large  holes,  and  alfo 
a blanket ; but  the  holes  were  fmaller,  tho’  of  dif- 
ferent fizes : the  velvet  cape  of  a furtout  coat,  at  a 
greater  diftance  from  the  wire,  was  treated  in  like 
manner  ; tho5  the  burnt  fpots  were  in  general  fmaller. 
Hence  it  feems,  as  if  the  particles  of  the  fufed  wire 
did  not  all  drop  perpendicular ; but  that  they  were 
actuated  by  fome  impellent  force,  and  that  the  fmaller 
granulations  were  diffufed  to  a greater  diftance  ; and 
hence  arofe  that  appearance  of  the  fhower  of  fire 
before-mentioned  : and  in  this  I am  fomewhat  th» 
more  confirmed  by  fome  of  the  fads  hereafter  de- 
fcribed.  Even  fome  of  the  larger  pieces  were  thrown 
to  a great  diftance ; for  here  I found  a wire  mark 
burnt  in  the  floor  not  lefs  than  fix  feet  from  any  part 
of  the  fufpended  wire,  and,  on  comparing  a piece, 
which  the  maid  picked  up  in  the  faid  place, “with  the 
faid  mark,  it  appeared  to  be  the  fame,  which  pro- 
duced that  effed. — You  will  find  it,  being  the  largeft 
in  the  box  N°  3. 

A deal  box,  ftanding  on  a cloaths-cheft  under  the 
the  wire,  was  burnt  in  fpots  even  more  remarkably 
than  the  floor,  according  to  the  figures  and  forms  of 
the  feveral  pieces,  particles,  or  granulations.  In  this 
clofet  I alfo  employed  the  magnets,  and  colleded 
from  the  crevices,  corners,  &c.  a quantity  of  iron 
particles,  which  are  contained  in  the  box  No  3. 
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The  third  houfe,  inhabited  by  Mr.  Robert  Harris 
fenior,  corn-fa&or,  lies  at  the  north-ead  corner  of 
the  fame  dreet,  at  the  diftance  of  about  40  yards. 
Here  I found  fome  damage  done  to  the  glades  and 
China  ware  in  a clofet  contiguous  to  one  of  the  bell- 
wires  in  a ground  room : mod  of  the  wire  in  this 
room  was  melted  ; and  a piece  of  the  deal  moulding, 
nine  inches  long,  covering  the  wire,  and  adjoining  to 
the  brafs  thumb-piece,  very  near  the  faid  clofet,  was- 
fplintered  off,  and  druck  the  fervant  maid  in  the  face, 
as  die  was  entering  the  room,  at  about  1 4 feet  di- 
dance. 

In  fome  of  the  rooms  in  the  fecond  dory,  the 
wires  were  in  part  melted.  In  one  room  of  the  third 
dory  the  wire  was  intirely  didipated ; the  wall 
fcorched ; the  whole  plaidering  over  the  door,  ad- 
joining to  the  bell,  driven  out  in  a body ; the  door 
burnt ; and  the  dieets  and  quilt  of  a bed,  near  the 
bell-wire,  fcorched  and  dre-pitted  in  like  manner  as 
at  Mr.  Tawke’s ; only  the  efforts  of  the  ignited  par- 
ticles were  not  fo  general  through  this  houfe,  nor  was 
any  thing-  here  abfolutely  fet  on  fire. 

I was  afterwards  informed,  that  tho’  all  the  wires 
were  not  dedroyed,  yet  they  had  been  obliged  to  re- 
new the  whole  ; for,  when  they  came  to  be  exa- 
mined, they  were  found  fo  unpliable  and  brittle,  as 
to  be  rendered  quite  ufelefs. 

On  the  28th  of  July  I went  again  to  Mr.  Tawke’s, 
who,  being  then  at  home,  conducted  me  to  a garret, 
whicli  lies  partly  over  the  before-mentioned  dark  clo- 
fet, from  whence  a bell-wire  was  directed  to  this 
room,  by  me  unobferved  before ; nor  did  the  family 
very  foon  difcover,  that  this  wire  was  intirely  melted, 
and  the  partition  greatly  fcorched. 
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This  room  contained  a large  heap  of  oats,  and  an* 
other  of  beans,  a foot-path,  as  it  were,  being  referved 
next  the  partition,  where  the  afcending  wire  ran, 
which  was  covered  with  much  duft  and  ftrap-gdinp 
grains  of  the  corn. — Here  again  I employed  the  mag- 
nets, Mr.  Tawke  affifting,  and  collected  a consider- 
able quantity  of  melted  particles,  not  only  from  the 
floor,  joints  and  projections  of  the  fkirting-board,  but 
from  the  holes  and  chafms  in  the  broken  plaiftering, 
where-ever  we  could  introduce  the  magnets,  and 
that  at  the  diftance  of  4 or  y feet  from  the  wire-place. 
Tbefe  you  have  in  the  box  N°  4. 

Hence  I fufpeCted,  that  granule t might  be  found 
among  the  oats : we  probed,  but  to  no  no  purpofe ; 
the  heap  was  too  large,  and  had  been  moved,  by 
fetching  away  what  was  wranted  from  time  to  time. 
However,  we  carried  our  inquiry  to  the  bare  floor, 
quite  acrofs  the  heap,  at  10  feet  diftance,  and,  in  the 
joints  or  feams,  found  of  very  fine  particles  a Suffi- 
cient quantity  to  prove,  that  they  were  violently  dif- 
fufed  to  a great  diflance. 

From  thefe  houfes  the  lightning  feems  to  have 
tended  towards  the  N.  E.  for  in  that  direction,  at  the 
diftance  of  about  200  yards,  and  not  fo  far  from  my 
own  houfe,  Captain  William  Provoft  was  ftruck 
thereby,  Standing  in  his  own  entry,  and  rendered 
almoft  fenfelefs  and  fpeechlefs  for  fome  hours,  and, 
for  Several  days,  was  much  afflicted  with  a ftupor, 
giddinefs,  and  vomiting,  and  retained  a conftant  and 
Strong  tafte  of  Sulphur  in  his  mouth  and  throat.  His 
child  had  hold  of  his  cloaths,  and  his  wife  was  near 
him  ; but  the  Stroke  appears  to  have  been  above  the 
child,  as  it  feems  to  have  ftruck  him  about  the  head. 
No  other  damage  was  done  here. 


Mrs. 
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Mrs.  Provoft  fays,  that  the  flalh  or  fire  feemed  to 
be  as  large  as  a fmall  pewter  plate,  and  palled  clear 
through  the  entry  (the  doors  being  open)  directed  to 
the  northward. 

On  the  oppofite  fide  of  the  fireet,  and  fomewhat 
oblique  towards  the  north-eaft,  at  the  diftance  of  about 
20  yards,  Mr.  Ambrofe  Lyon,  fail-maker,  had,  at 
the  fame  time,  about  fix  dozen  of  bottles  of  Port  wine 
broken  to  pieces. 

The  front  of  Mr.  Lyon’s  houfe  has  nearly  a fouth- 
weft  afpeft:  among  other  conveniences  under-ground 
is  a fubftantial  arched  brick  vault,  and  capacious  for 
a private  houfe  ; it  is  quite  clofe,  having  no  light  or 
opening  into  it,  but  at  the  door,  which  faces  the 
fouth,  and  is  always  kept  locked. — On  the  weflern 
fide  of  this  vault  were  repofited  feveral  calks  of  wine, 
mod  of  them  iron-bound ; alfo  feveral  dozens  of  rum 
behind  them  upon  the  floor.  On  the  northern  end 
was  a circular  tub  or  cooler,  iron-bound  with  three 
hoops,  containing  Port  wine  in  bottles.  About  ten  feet 
from  hence,  on  the  eaflern  fide,  nearer  the  door,  and 
diredtly  oppofite  thereto,  flood  by  itfelf  another  large 
circular  cooler,  32  inches  diameter,  and  12  inches 
deep,  bound  alfo  with  three  iron  hoops,  containing 
about  fix  dozen  of  Portugal  wine,  called  Barabarha , 
the  remainder  of  a larger  quantity,  which  he  had  kept 
in  calk  for  more  than  two  years  before  it  was  bottled, 
in  which  laft  ftate  it  had  been  for  more  than  three 
months,  and  all  proper  care  taken  of  it ; for  he  is 
very  curious  in  thefe  things.  Thefe  bottles  were  in- 
clined upon  their  fides,  for  their  better  prefer vation, 
as  were  all  the  others  containing  wine  j and  this  tub 
was  fixed  upon  Ikids  (pieces  of  timber)  about  fix 
inches  thick. 


In 
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In  half  an  hour,  or  lefs,  after  the  great  thunder- 
clap, having  occafion  to  go  into  the  vault,  upon  his 
entrance,  he  immediately  difcovered  the  noife  of  a 
running  drip,  and  liquor  flowing  about  the  floor," 
which,  upon  further  infpe&ion,  he  found  proceeded 
from  the  laft-mentioned  cooler,  the  bottles  therein 
contained  being  broken  to  pieces,  as  if  done  by  a mal- 
let, not  fo  much  as  one  remaining  intire  of  the  whole 
quantity ; and  the  cooler  being  not  very  tight,  the 
wine  was  running  out  from  thence  j but,  by  a quick 
application  of  fuch  veflels  as  were  at  hand,  the  re- 
mainder was  preferved,  and,  after  clearing  it  from 
the  glafs,  was  put  into  a fmall  calk  to  recover,  add- 
ing thereto  about  a one-third  part  of  Port  wine  to  fill 
up  the  veflel,  fome  of  which  I have  tailed  ; and  a 
bottle,  drawn  from  the  faid  calk,  I herewith  fend 
you- 

Mr.  Lyon  did  not  obferve,  at  the  fame  time,  any 
kind  of  alteration  in  the  faid  wine  made  by  ferment- 
ation, or  otherwife ; only  that  it  was  vapid  or  flat : 
one  bottle  of  the  faid  wine  was  afterwards  found 
among  the  bottles  of  Port  in  the  firll-mentioned 
cooler,  which  was  not  affeCted,  but  was  fine,  and  in 
perfection  ; nor  was  any  other  damage  done  in  the 
vault,  that  he  could  difcover  upon  the  Itrictelt  in- 
quiry. 

Captain  John  Dickinfon,  a gentleman  in  the  neigh- 
bourhood, lhared  half  the  calk  of  the  faid  wine, 
which  had  a flmilar  management,  was  bottled  off  at 
the  fame  time,  and  had  a lefs  cool  and  friendly  vault; 
yet  not  one  bottle  of  this  has  hitherto  been  in  any- 
wife  damaged. 


I have 
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I have  been  more  particular  in  the  examination  of 
fome  of  the  foregoing  fads,  as  they  feem  to  contra- 
did:  an  opinion  generally  received,  that  the  folution 
of  metals  by  lightning  is  effeded  by  a kind  of  cold 
fufion  j for  it  appears  very  evident,  that  the  melted 
iron -wire,  in  the  feveral  preceding  cafes,  had  all  the 
marks  of  heat  and  ignition,  that  ufually  attend  the  fu~ 
iion  of  that  metal,  when  brought  about  by  common 
fire.  I am, 

Dear  Sir, 


Your  moil:  obedient  fervant, 


CainsfonT-ftreet,  Southwark, 
Septem.  28th,  1759. 


Wm.  Mountaine. 


Some  Remarks  on  the  preceding  Letter , by 
Gowin  Knight,  M.B>  F.R.S.  a?id  Princi- 
pal Librarian  of  the  Britiih  Mu  feu  m. 

\ 

Read  Nov.  22,r’l""' J-J  E fads,  contained  in  Mr.  Moun- 
taine’s  letter,  are  an  evident  proof, 
that  the  fufion  of  metals  by  lightning  is,  fometimes 
at  lead,  attended  with  heat  and  ignition,  as  in  the 
cafe  of  common  fufion.  And,  fince  the  reading  of 
thofe  fads,  I have  been  more  and  more  induced  to 
fufped,  that  the  received  opinion  of  a cold  fufion  is 
a vulgar  error,  tho’  too  generally  adopted,  and  of 
very  long  handing.  From  fome  of  the  circumftances 
attending  thefe  fads,  compared  with  what  is  to  be 
found  in  authors  relating  to  the  fame  fubjed,  I think 
it  poflible  both  to  fhew,  whence  this  opinion  firfl 
took  its  rife,  and  how  it  became  fo  general ; and  at 

the 
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the  fame  time  to  prove,  that  there  is  no  clear  evi- 
dence for  the  truth  of  it  from  any  relations  hitherto 
pub)  idled. 

The  inftances,  that  are  moft  generally  given  of  cold 
fuflon,  are  two ; that  of  a fword  being  melted  in  its 
fcabbard,  and  that  of  money  being  melted  in  a bag, 
both  the  fcabbard  and  bag  remaining  unhurt.  A great 
number  of  authors  have  mentioned  both  the  facfts, 
without  giving  their  own  teftimony,  or  that  of  any 
one  elfe,  for  the  truth  of  them,  or  defcribing  any  of 
the  other  concomitant  circumftances.  However,  it 
feems  poffible,  that  lightning  might  produce  effects - 
fufticiently  fimilar  to  thefe,  to  give  rife  to  fuch  re- 
ports, without  our  being  obliged  to  have  recourfe  to 
a cold  fuflon  to  account  for  them. 

If  at  any  time  the  edge  or  external  furface  of  a 
fword  had  been  melted,  whilft  the  main  part  of  the 
blade  remained  intire,  it  would  have  afforded  fuffi- 
cient  grounds  to  affert,  in  general  terms,  that  the 
fword  was  melted,  and  yet  the  fcabbard  might  have 
remained  unhurt  j becaufe  either  the  edge  or  furface 
of  a fword  might  be  inflantly  melted  by  lightning, 
and  cooled  fo  fuddenly,  as  to  make  no  impreffion  of 
burning  on  the  fcabbard.  Metals,  as  well  as  other 
bodies,  will  both  heat  and  cool  fooner,  in  proportion 
as  they  are  thin  and  flender.  Very  fmall  wire  will 
inflantly  become  red-hot,  and  even  melt,  and  run 
into  a round  globule,  in  the  flame  of  a common  can- 
dle ; and  it  is  no  fooner  removed  out  of  the  flame, 
but  it  is  as  inflantly  cool.  The  edge  of  a fword  there- 
fore, or  even  its  furface,  might  be  inflantly  melted 
by  lightning,  and  being  in  contact,  or  rather  ffill 
united  to  the  reft  of  the  blade,  which  might  be  ftill 

cool. 
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cool,  it  would  part  with  its  heat  too  fuddenly  to  pro- 
duce any  appearance  of  burning. 

I was  confirmed  in  this  reafoning,  by  examining 
the  fragments  and  melted  particles  of  wire  fent  me  by 
Mr.  Mountaine.  Amongd  them  there  appeared  to 
be  globules  of  various  lizes,  which  had  undergone 
very  different  degrees  of  fufion  : the  larged  of  thefe 
had  not  been  fluid  enough  to  put  on  a fpherical 
figure ; but  they  approached  nearer  thereto,  in  pro- 
portion as  they  were  lmaller : fo  that  in  the  {mailed 
granules  the  fufion  was  mod  perfect,  the  globules 
being  very  round  and  fmooth.  Their  fizes  continued 
diminifhing,  till  they  became  invifible  to  the  naked 
eye;  and  fome  of  them,  when  viewed  with  a micro- 
fcope,  required  a third  or  fourth  magnifier  to  fee  them 
didinctly. 

Some  of  the  bits  of  wire  were  rough  and  fcaly,  like 
burnt  iron,  and  were  dwelled  in  thofe  places  where 
they  were  beginning  to  melt : others  continued  drait, 
and  of  an  equable  thicknefs  ; but  their  outward  fur- 
face  deemed  to  have  undergone  a perfect  fufion,  fo 
that  thene  were  two  or  more  pieces  adhering  together, 
as  if  joined  by  a thin  folder. 

In  Mr.  Pitfold’s  account  of  the  effects  of  lightning 
at  Darking  in  Surry,  published  in  the  Philofophical 
Tranfadtions  *,  mention  is  made  of  a iimilar  fadt.  He 
fays,  *'*  fome  fmall  tacks  were  foldered  together,  fix, 
feven,  eight,  or  ten  in  a clump,  as  if  they  had 
“ had  fealding  metal  run  over  them.” 

It  is  eafy  to  conceive,  how  the  heat  of  this  fuperfi- 
cial  fufion  might  be  fo  fuddenly  diffufed  throughout 


* Philof.  Tranf.  Vol.  XLIX.  p.  311. 
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the  metal  it  furrounded,  which  the  lightning  might 
not  have  heated,  as  inftantly  to  have  reduced  the 
whole  to  too  cool  a ftate,  for  any  other  contiguous 
body  to  be  burnt  thereby  . 

In  like  manner,  a ftream  of  lightning  palling  thro' 
a bag  of  money,  might  fufe  the  furfaces  of  fuch 
pieces  as  lay  in  its  way,  and  folder  a number  of  them 
together ; and  yet  the  bag  remain  unhurt. 

An  accident  or  two  of  this  kind  may  have  come, 
by  tradition,  to  the  knowlege  of  fonie  of  the  firft  col- 
lectors of  marvellous  faCts,  and  from  them  be  tran- 
fcribed  by  others,  perhaps  with  additions  and  im- 
provements. Thus,  according  to  Pliny  *,  both  gold, 
Silver,  and  brafs,  have  been  melted  in  bags  fealed  up, 
which  were  not  in  the  leaf!  burnt,  nor  wafe  the  wax 
-of  the  feals  melted : whereas  Seneca  ‘f*  fpeaks  only 
of  filver  being  melted  in  the  pocket  or  purfe,  which 
remained  whole  and  unhurt.  Later  writers  feem  to 
have  copied  from  one  of  thefe  for  the  moft  part,  with- 
out mentioning  their  authority. 

In  the  Philofophical  Transactions  are  two  or  three 
relations,  which  feem,  at  firft,  to  favour  a cold  fulion; 
but,  when  duly  conftdered,  prove  nothing  conclu- 
fively.  The  firft  is  in  a paper  concerning  the  efteCts 
of  lightning  at  Colchefter,  on  July  16,  1708 ; which 
concludes  with  obferving,  that,  “ during  the  fame 
lc  ftorm,  four  perfons  were  killed  in  a boat,  that  was 
a going  from  Harwich  to  Ipfwich ; and  that,  in  one 
<c  of  their  pockets,  a watch  and  chain  was  melted  all 
“ on  a lump.”  In  another  account,  given  by  Or- 


* Plin.  Nat.  Hift,  lib.  ii.  c.  51. 
f Seneca,  Nat.  Quseft.  1.  ii.  c.  32. 
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lando  Bridgman,  Efq;  defcribing  the  fame  ftorm,  it 
is  faid,  that  <£  the  chain  of  the  watch  was  melted', 
“ and  that  no  harm  or  burn  could  be  perceived  on 
“ his  breeches  or  cloaths.”  Now,  if  both  the  watch 
and  chain  were  melted  all  on  a lump,  and  the  pocket 
unburnt,  as  might  be  concluded  from  both  thefe 
accounts  laid  together,  it  would  be  a ftrong  argument 
in  favour  of  cold  fufion  : but  there  is  great  reafon  to 
fufpedt  the  truth  of  the  firft-mentioned  relation  ; be- 
caufe  the  author  of  it  writes  only  from  hearfay,  being 
himfelf  at  Colchefter,  at  feveral  miles  diftance  from 
where  the  thing  happened.  Whereas  Mr.  Bridgman 
wras  upon  the  fpot,  and  examined  one  of  the  dead 
bodies  himfelf  very  minutely ; and  tho’  he  does  not 
fay,  that  he  faw  the  body  of  him,  whofe  watch- 
chain  was  melted,  yet  he  gives  a very  circumftantial 
account  of  it  *,  and,  if  the  watch  had  been  melted,  a3 
well  as  the  chain,  he  could  not  have  omitted  that 
particular.  It  is  therefore  probable,  that  the  chain 
only  was  melted,  and  that,  hanging  out  of  the  pocket, 
it  had  left  no  marks  of  burning  on  the  breeches. 

We  have,  in  our  Tranfadtions,  another  account  of 
the  effe&s  of  lightning  by  Dr.  Cookfon,  of  Wake- 
held  -j-,  who  relates,  “ That  the  lightning  fell  on  a 
“ box  of  knives  and  forks,  and  melted  a great  many 
of  them,  the  fheaths  being  untouched.”  But 
the  dodor,  in  another  account,  which  is  fuller  and 
more  exadf,  fays,  “ the  lightning  difperfed  a great 
<k  many  dozen  of  knives  and  forks,  which  were  put  up 
“ in  a box,  all  over  the  room.  Upon  gathering  them 


* Philof.  Tranf.  Abr.  Vol.  V.  p.  154. 
■\  Ibid.  Vol.  VIII.  p,  504. 
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C(  up,  fome  of  them  were  melted  ; others  fnapped  in 
u funder;  others  had  their  hafts  burnt ; others  their 
“ fheaths  either  tinged  or  burnt ; others  not.”  From 
all  which  circumftances,  duly  coniidered,  I think  no- 
thing certain  in  favour  of  cold  fution  can  be  fairly 
drawn. 


XXXI.  An  Account  of  a Meteor  feen  at 
Shefford,  in  Berkdiire,  on  Saturday,  Octo- 
ber 20  thy  1759;  with  fome  Obfervations 
on  the  W zather  of  the  preceding  Winter  : 
In  a L,etter  to  Thomas  Birch,  D.  D.  Sec . 
R.  S.  from  Richard  Forfter,  M,  A.  Rec- 
tor of  Shefford. 


Reverend  Sir,  Shefford,  Oftob.  31, 1759. 

Read  Nov.  8,  /'"^N  Saturday  the  a.oth  inftant,  about 
I759’'  Six  in  the  evening,  a ball  of  tire 

fell  nearly  eaft  from  this  place.  I did  not  fee  it  my- 
felf.  My  fervant  (who  is  a very  fober,  honetl  fel- 
low) fays  it  was  nearly  of  the  fame  fize  with  the 
moon,  and  full  as  bright  as  the  ever  tliines : its  mo- 
tion was  very  fwift,  and,  as  far  as  he  could  judge 
(for  it  was  out  in  a moment)  quite  downright,  i.  e. 
perpendicular  to  the  horizon. 

And  now  my  hand  is  in,  I cannot  forbear  acquaint- 
ing you  with  an  obfervation  I have  made,  which  bids 
fair  to  overfet  a maxim  pretty  ftrongly  eftablithed  in 
the  world,  as  not  being  only  believed  and  depended 
on  by  the  vulgar  and  middling  people,  but  mentioned 
* Qjj  2 (as 
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as  fuch,  I think,  by  feveral  authors.  In  fhort,  the 
maxim  is  this ; viz.  that  a plentiful  year  of  mail  is 
an  infallible  prognoftic  of  an  hard  or  fevere  winter. 
Now,  it  happened  lad;  year,  that  providons  of  this  fort 
were  as  plentiful  as  ever  was  known ; the  trees  and 
hedges  being  loaded  in  fuch  a manner,  as  to  bend  and 
break  under  the  preflure  of  their  own  weight : and 
yet  the  winter  was  the  mildefl,  perhaps,  that  ever 
happened  in  this  country : and  accordingly  not  one 
quarter  of  nature’s  dore  was  confirmed.  We  had  no 
ice,  but  once,  and  that  not  the  thicknefs  of  an  half 
crown,  which  did  not  continue  24  hours.  I fee  by 
Cuff  s tables,  publiihed  in  a monthly  paper,  that,  in 
London,  the  thermometer  was  never  below  32  j and 
fo  low  as  this  but  twice,  and  then  only  by  darts.  I 
had  ranunculus’s  in  full  bloom  from  the  middle  of 
December  to  the  middle  of  February,  and  they  not 
fheltered,  but  by  a wall  north,  2y°  ead.  In  the 
middle  of  January,  I had  felf-fowed  marigolds  and 
violets  in  bloom.  Jan.  1 y,  the  bees  roared,  and  were 
as  bufy  as  they  are  in  the  height  of  the  working  fea- 
ion  : and  Jan.  1 8,  the  birds  fung  as  chearfully  as  they 
generally  do  in  May. 

It  feems  probable  to  me,  that  the  great  abundance 
of  berries  and  wild  fruits  (by  which  I mean  mad)  is 
intirely  owing  to  a very  backward  fpring ; for,  when 
the  blofloms  do  not  open  till  pretty  late  in  May,  they 
are  fecure  from  thofe  inclement  blads,  which,  when 
they  unfold  themfelves  fooner,  do  pinch  and  blight 
the  greated  part  of  them.  I am. 

Reverend  Sir, 

Your  affectionate  brother, 

and  mod  obliged  humble  fervant, 
Richard  Forfter. 
XXXII.  An 
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XXXII.  An  Account  of  the  fame  Meteor , 
feen  at  Bath  : In  a Letter  to  Tho.  Birch, 
D.  D.  Sec.  R.  S.  from  Mr.  Jofiah  Cole- 
brooke,  F.  R . S. 


Dear  Sir, 


Read  Nov.  15,  compliance  with  the  prefident’s  de- 
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fire,  the  following  is  the  account  of 
the  meteor  feen  at  Bath. 

On  Saturday  the  aoth  of  October,  between  five 
and  fix  in  the  afternoon,  as  I walked  over  the  north 
parade, 'a  ball  of  fire,  of  the  bignefs  of  a tennis  ball,  of 
a very  bright  colour,  with  a train  of  four  or  five  feet 
in  length,  darted  from  the  north- weft,  and,  deferr- 
ing the  arch  of  a great  circle  on  my  left  hand,  funk 
behind  the  hills  to  the  fouth-eaft : juft  before  it  funk, 
feveral  large  fparks  of  bright  blue  fire  blued  from  it ; 
but  it  did  not  feem  to  burft : it  was  not  more  than 
two  feconds  in  its  paftage,  and  I could  compare  it  to 
nothing,  but  the  moft  glorious  fky  rocket  I had  ever 
feen. 


Mr.  Peers,  a gentleman  of  London,  was  at  Bath 
at  the  fame  time,  and  being  in  a room  fronting  the 
eaft,  that  looked  over  the  meadow  between  Bath  and 
Bathwick,  he  told  me,  with  fome  furprize,  the  next 
day,  that  he  faw  the  largeft  ftar  he  had  ever  feen, 
fall  into  the  meadow ; and,  what  was  moft  particu- 
lar, that  it  fell  perpendicularly;  whereas  all  he  had 
ever  feen  before  /hot  obliquely  in  the  fky. 

This  muft  have  been  a fpark  from  this  meteor,  as 
the  time  he  faw  the  ftar  agreed  with  the  time  I faw 
the  ball  of  fire. 


I do 
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I do  not  remember,  that  I heard  any  noife  or  whiz- 
zing in  the  air  as  it  pafled ; nor  did  any  fulphureous 
i'mell  attend  it,  that  I could  perceive. 

I looked  on  my  watch  immediately  after  it  was 
gone  by,  and  found  by  that,  it  was  juft  twenty  mi- 
nutes paft  five ; but,  as  I could  not  be  fure  that  went 
right,  I chofe  to  mention  the  time  in  more  general 
terms. 

It  was  feen  by  vaft  numbers  of  people,  and  much 
talked  of  the  next  day. 

I am,  dear  Sir,  with  much  efteem, 

Your  very  humble  fervant. 

Budge  Row,  Nov.  14. 1759-  Jofiah  Colebrooke. 


XXXIII.  An  Account  of  the  Meteor  feen  at 
Chigwell  Row,  in  Ellex,  on  the  20 th  of 
Odtober  1759:  In  a Letter  to  the  Rev. 
Dr.  Birch,  Secretary  of  the  Royal  Society , 
from  Mr.  William  Dutton^  Watchmaker 
in  Fleet-ftreet. 

S I R,  Fleet -ftreet,  Dec.  i,  1759. 

Read  Dec.  6,TN  compliance  with  Dr.  Pringle’s  requeft, 
173 9‘  Jk  I fend  you  the  following  account  of  the 
meteor,  which  I law  fome  time  ago,  viz.  on  Satur- 
day, Oftob.  20th,  about  a quarter  before  fix  in  the 
evening,  whilft  there  was  ftiil  fome  day-light,  tho’ 
feveral  ftars  had  begun  to  appear. 

At  that  time  I happened  to  be  walking  with  my 
^ace  eaftward,  with  a companion,  at  Chigwell  Row, 
8 in 
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in  Eftex  (which  lies  about  1 2 miles  eaft  of  London, 
and  upon  a pretty  high  hill),  when  we  obferved  a 
meteor  bearing  northward  of  the  eaft,  in  appearance 
not  high  up  in  the  air,  tho’  with  a confiderable  angle 
of  elevation,  perhaps  of  about  70  or  80  degrees,  with 
its  declination  from  the  zenith  eaftwards.  It  moved 
with  great  velocity,  in  a direction  from  north  to 
fouth,  and  feemingly  in  a curve  line  downwards  j but 
vanifhed  at  the  height  of  4 or  f degrees  above  the 
horizon,  then  bearing  nearly  fouth  of  us.  It  was  of 
a round  form,  about  the  fize  of  the  planet  Venus, 
when  feen  at  the  largeft,  of  a light  bluifti  eaft,  but 
very  bright.  At  its  vanifhing,  feveral  particles,  ftill 
brighter  than  itfelf,  and  fomewbat  like  the  ftars,  that 
are  feen  upon  the  breaking  of  a rocket,  feemed  to 
iflue  out  of  it.  We  perceived  a faint  light  to  follow 
it,  like  the  tail  of  a comet,  and  about  two  feet  in 
length.  The  whole  time  of  the  appearance  did  not 
exceed  3 or  4 feconds.  This  is  the  beft  account  I 
can  give  of  what  I faw  j and  my  companion,  to  whom 
I have  fhewn  this  letter,  agrees  with  me  in  all  thefe 
circumftances.  I am, 

SIR, 

Your  very  humble  fervant, 

Wm.  Dutton. 


XXXIV.  An 
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XXXIV.  An  Account  of  Two  Stones  of  re- 
markable Shapes  and  Sizes , which , for  the 
Space  of  Six  Tears , were  firmly  lodged  in 
the  Urethra  of  a young  Man , and  at  length 
fuccefsfully  cut  out  from  thence.  Addrefjed 
to  the  Royal  Society , on  Thurfday  Decem- 
ber 13,  1759,  at  which  Meeting  the  Stones 
themf elves,  and  a Drawing  of  the  Stones , 
were  prefented  to  the  Fellows  of  the  Society , 
by  Jofeph  Warner,  F . R.  S.  and  Surgeon 
to  Guy’s  Hofpital. 

Read  Dec.  1 3,  f g \HE  formation  and  confinement  of 
17 59'  JL  ftony  concretions  in  the  different 

parts  of  the  organs  of  urine,  to  wit,  in  the  kidneys, 
ureters,  bladder,  and  urethra,  are  difeafes,  which  are 
frequently  obferved  to  happen  to  both  fexes  of  all  ages 
and  conflitutions : for  this  reafon  I am  apprifed,  that 
there  are  few  inflances  can  be  given  of  fuch  peculia- 
rities attending  thefe  cafes,  as  may  reafonably  be 
efteemed  worthy  the  attention  of  the  curious.  But 
when  matters  of  fadt,  however  common  in  them- 
felves,  are  fo  circumstanced,  as  to  affume  extraordi- 
nary appearances,  the  uncommon  phenomena  accom- 
panying fuch  facts,  when  capable  of  being  pointed 
out,  will,  I believe,  be  always  confidered  by  the 
Royal  Society,  as  a fufficient  apology  for  the  freedom 
of  the  communication.  Upon  this  prefumption,  1 
have  taken  the  liberty  of  laying  before  the  Fellows  of 

this 
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this  Society  the  following  fhort  account,  and,  at 
the  fame  time,  of  fubmitting  to  their  infpedtion  as 
much  of  the  cafe,  as  the  nature  of  the  affair  could  ad- 
mit of  being  exhibited. 

Case. 

Thomas  Bingham,  a very  healthy  young  man,  20 
years  old,  came  from  Yarmouth  to  London,  in  Sep- 
tember 1759,  and  put  himfelf  under  my  care,  to  be 
cured  of  a fwelling,  which  he  had  in  his  urethra. 
Upon  queftioning  the  patient,  I was  informed  by 
him,  that  he  had  little  or  no  pain ; that  he  had  never 
perceived  the  leaft  difficulty  in  voiding  his  urine,  nor 
had  he  ever  had  the  leaft  involuntary  efflux  of  it : he 
had  not  at  any  time  fuffered  in  the  leaft  but'  from 
the  bulk  and  weight  of  fomething  that  grew  in  his 
urinary  paftage  (urethra),  which,  upon  exercife  of 
late,  proved  troublefome  to  him.  Upon  infpedlion, 
I difcovered  a confiderable  prominence  betwixt  the 
tefticles  and  anus.  Upon  feeling  the  part  with  my 
fingers,  there  appeared  a very  evident  hardnefs  and 
tumor. 

By  introducing  a large,  fmooth,  and  ducftile,  probe 
into  the  urethra,  it  was  evident  there  was  a ftone  or 
ftones  lodged  in  that  paffage.  I advifed  the  cutting 
the  tumor  out,  which  was  complied  with  ; and  in  the 
following  manner  I proceeded  to  the  performance  of 
the  operation. 

The  patient  being  fupinely  placed  upon  a fteady 
table,  of  a convenient  height,  covered  with  a double 
blanket,  and  a pillow  put  under  his  fhoulders,  I 
caufed  his  hands  and  feet  to  be  tied  together;  and,  by 
proper  affiftants,  he  was  held  in  the  fame  pofition  as 
Yds*.  LI.  Rr  is 
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is  done  in  the  operation  of  cutting  for  the  ftone  in  the 
urinary  bladder.  I then  proceeded  to  divide  the  ure- 
thra longitudinally  by  incifion.  The  extent  of  the 
incifton  was  from  one  end  of  the  fwelling  to  the 
other  : the  length  and  fize  of  the  wound  enabled  me 
to  take  away  the  ftones  without  any  violence  or  diffi- 
culty. 

After  the  ftones  were  removed,  I brought  the  lips 
of  the  wound  together,  and,  with  the  twifted  future, 
I retained  them  in  that  lituation.  By  this  method, 
and  by  occalionally  paffing  a bougie  of  a proper  lize 
into  the  urethra,  beyond  the  farther  extent  of  the  in- 
cilion,  the  patient  went  happily  on,  till  the  cure  of  the 
wound  was  completed,  which  was  effected  in  about 
three  weeks  j and  there  afterwards  remained  no  incon- 
venience at  all  to  the  patient  in  voiding  or  retaining, 
his  urine. 

N.  B.  As  the  identical  calculi  are  prefented  to  the 
Fellows  of  the  Royal  Society  for  their  infpedtion, 
fo  that  the  exadf  fizes,  ftiapes,  and  external  forma- 
tions, of  thefe  ftones  may  be  feen ; I think  it  quite 
unneceffary  to  give  a written  account  of  thefe  par- 
ticulars. However,  as  it  may  probably  give  fome 
fatisfadlion  to  the  curious  to  be  informed  of  the  fpe- 
cific  gravities  of  thefe  ftones,  I have  fubjoined 
thefe  particulars  to  this  memoir,  and  have  like- 
wife,  for  the  fame  reafon,  caufed  an  engraving  of 
thefe  ftones  to  be  made,  and  added  to  this  paper. 


Weight 


t 
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Weight  in  air. 
Large  (lone  308  y 
Small  (lone  42  3 5 
Both  (lones  350  8 


in  water. 
<>2  85- 
10  4 

102  9 


Spec,  gravity. 

I>43 1 
1.326 

1.415 


Queers.  Is  it  not  probable,  that  the  generation  of 
thefe  (lones  might  originally  have  begun  in  the  ure- 
thra, as  the  patient  did  not  ever  remember  to  have 
had  the  lead  complaint  in  his  loins,  or  in  any  part  of 
his  bladder  ? Or  is  it  more  reafonable  to  fuppofe, 
that  the  (lones  were  fil'd  of  all  formed  in  the  kidney, 
or  urinary  bladder,  from  thence  conveyed  with  the 
dream  of  urine,  when  very  fmall,  and  lodged  in  the 
urethra,  till  they  had  arrived  to  thefe  (izes  ? 

Either  of  thefe  fuppofitions  to  me  appears  reafon- 
able. 

However,  as  hypothefes  of  this  kind  are  with  dif- 
ficulty afeertained,  and  as  a difeovery  of  the  fadt, 
could  it  be  determinately  made,  would  prove  of  very 
little  confequence  to  the  improvement  of  the  art  of 
furgery,  I think  it  quite  unneceffary  to  dwell  upon  a 
part  of  this  fubjedt,  in  which  the  benefit  of  mankind 
appears  to  be  fo  little  concerned. 

Plate  VIII.  Pig.  1.  reprefents  the  upper  parts  of 
the  two  dones,  as  they  were  found  lying  loofely  to- 
gether in  the  urethra.  The  longed  end,  that  is,  the 
fmalled  of  thefe  two  dones,  was  fituated  neared  to 
the  neck  of  the  bladder,  or  orign  of  the  urethra.  It 
may  be  obferved,  that,  on  the  fuperior  part  of  thefe 
dones,  there  are  two  long  grooves  or  chanels,  which 
were  gradually  formed  by  the  dreams  of  urine,  that 
were  occafionally  difcharged  from  the  bladder. 

R r 2 


It 
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It  may  farther  be  obferved,  that  the  whole  lur- 
faces  of  thefe  two  ftones,  except  the  parts  of  them 
where  they  lay  in  contact  with  each  other,  or  where 
they  continually  preffed  upon  the  lower  furface  of  the 
urethra,  or  bed,  which  they  had  formed  for  themfelves 
in  this  chanel,  are  rough,  and  have  feveral  inequa- 
lities, or  eminences  ariling  from  them. 

Fig.  2.  reprefents  the  inferior  fmooth  parts  of  the 
two  Rones,  as  they  appeared  when  feparated  from 
each  other,  as  well  as  the  fmooth  or  polilhed  furfaces 

of  the  ends  of  thefe  hones,  which  lav  in  contadt  with 

* «/ 

each  other,  and  upon  motion  rubbed  againft  each 
other. 


XXXV.  Experiments  on  the  Tourmalin  : hy 
Mr.  Benjamin  Wilfon,  F.  R.  S.  In  a letter 
to  Dr,  William  Heberden,  F.  R . S . 

SIR, 

Read  Dec.  6.  TT  Have  the  pleafure  to  communicate  to 
you  fome  experiments  made  upon  the 
* Tourmalin , or  AJhJlone,  which  you  were  fo  kind  as  to 
procure  me,  together  with  fome  others,  relpedting  the 
vitreous  and  refinous  electricities,  as  they  are  called, 
and  the  obfervations  I have  made  thereupon. 

The  more  I am  acquainted  with  eledtricity,  the 
more  I admire  a wonderful  limplicity  which  feems 
to  prevail  in  nature,  at  lead:  in  this  part  which  abounds 
with  phenomena  of  a very  curious  kind ; whereof 
many  that  have  paffed  under  my  examination  of  late 
are  fo  extremely  nice,  that  I avoid  venturing  to  relate 
them,  becaufe  I would  not  willingly  fubjedt  myfelf 
to  the  cenfure  of  incautious  obfervers. 

4 
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I cannot  enter  into  this  particular  fubjeCt,  without 
firffc  fettling  a difpute  amongft  electricians,  which  fub- 
fifts  at  this  day,  concerning  the  two  electricities ; be- 
caufe  fome  confequences,  drawn  from  the  feveral  ex- 
periments I have  to  produce,  greatly  depend  upon  it. 

Polifhed  glafs,  upon  being  rubbed  properly,  has 
been  fuppofed  to  give  an  electricity  to  bodies,  and 
thofe  bodies  that  receive  it  from  the  glafs,  are  faid  to 
be  eledtrified  phis.  Whereas  wax,  amber,  &c.  upon 
being  rubbed  in  the  fame  manner,  have  on  the  con- 
trary been  fuppofed  to  receive  an  electricity  from 
bodies,  and  thofe  bodies  which  part  with  it  are  faid 
to  be  electrified  minus.  But  no  experiment,  that  I 
know  of,  has  yet  appeared  to  determine  which  of 
thefe  electricities  does  really  eleCtrify  plus,  and  which 
of  them  does  really  eleCtrify  minus  • though  it  hap- 
pens that  the  faCt  turns  out  juft  as  they  have  all  along 
fuppofed* 

In  a fecond  treatife  upon  the  fubjeCt  of  electricity, 
that  I publifhed  in  the  year  1748,  feveral  experi- 
ments were  produced,  to  fhew  that  all  bodies  are  fur- 
rounded  with  a medium , which  is  of  an  exceedi?jg 
elajlic  nature , and  extends  but  to  a very  (mall  dif- 
tance  from  the  body  when  it  is  not  difturbed  by  heat,  - 
or  other  caules.  Since  that,  other  experiments  of  the 
like  kind  have  been  publifhed  in  a work,  wherein 
my  late  worthy  friend  Dr.  Hoadly  was  concerned 
with  me.  Among  the  proofs  therein  given,  is  a cu- 
rious one,  which  I obferved  in  the  ‘Torricellian  va- 
cuum., where  the  appearance  was  remarkably  fenfible. 
And  what  is  more  lingular,  that  fame  appearance  not 
only  proves  the  exigence  of  a medium,  at  or  on  the  fur- 
face  of  bodies,  but  at  the  fame  time  determines  which 
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of  the  electricities  is  truly  plus,  and  which  of  them 
is  minus. 

You  muft  remember,  Lord  Charles  Cavendijh  fir  ft 
oblerved  the  luminous  appearance  in  one  continued 
dream  throughout  the  whole  vacuum  of  an  exhauded 
tube.  It  is  a fine  experiment,  and  affords  more  in- 
formation than  I at  fil'd  imagined,  therefore  I fhall 
beg  leave  to  recite  it  from  the  Philofophical  Tran- 
fabtions  *,  before  I give  you  any  farther  particulars 
about  it. 

“ This  apparatus  confided  of  a cylindrical  glafs 
“ tube  of  about  three  tenths  of  an  inch  in  diameter, 
“ and  of  feven  feet  and  half  in  length,  bent  fome- 
u what  like  a parabola,  in  fuch  a manner,  that  thirty 
“ inches  of  each  of  its  extremities  were  nearly 
<c  draight,  and  parallel  to  each  other,  from  which 

an  arch  fprung,  which  was  likewife  of  thirty  in- 
<{  ches.  This  tube  was  carefully  filled  with  mer- 
u cury  : and  each  of  its  extremities  being  put  into  its 
“ baton  of  mercury,  fo  much  of  the  mercury  ran 
u out,  until,  as  in  common  barometrical  tubes,  it 
“ was  in  equilibrio  with  the  atmofphere.  Each  of 
<c  the  bafons  containing  the  mercury  was  of  wood, 
<c  and  was  fupported  by  a cylindrical  glafs  of  about 
<c  four  inches  in  diameter,  and  fix  inches  in  length  ; 
“ and  thefe  glades  were  fadened  to  the  bottom  of  a 
“ fquare  wooden  frame,  fo  contrived,  as  that  to  its  top 
“ was  fufpended  with  filk  lines  the  tube  filled  with 
“ mercury  before  mentioned  ; fo  that  the  whole  of 
“ this  apparatus  without  inconvenience  might  be 
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Cc  moved  together.  The  'Torricellian  vacuum  then 
<£  occupied  a fpace  of  about  thirty  inches.  In  make- 
£c  ing  the  experiment,  when  the  room  was  darken- 
u ed,  a wire  from  the  prime  conductor  of  the  com- 
<c  mon  electrical  machine  communicated  with  one 
£C  of  the  bafons  of  mercury,  and  any  non-eleCtric 
tc  touching  the  other  bafon,  while  the  machine  was 
cc  in  motion,  the  eleftricity  pervaded  the  vacuum  in 
i(  a continued  arch  of  lambent  flame , and  as  far  as 
<c  the  eye  could  follow  it , without  the  leafl  diver  gen - 
“ cy.” 

I imagine  Dr.  Watfon , who  has  defcribed  this  ex- 
periment, did  not,  when  he  made  the  experiment,  at- 
tend to  a lingular  appearance  of  light  upon  one  of  the 
furfaces  [of  the  quicklilver,  becaufe  he  has  taken  no 
notice  of  it.  However,  I had  a mind  to  make  the 
experiment  myfelf,  and  try  whether  I could  not  ma- 
nage the  quicklilver,  fo  as  to  have  more  than  two  vi- 
lible  furfaces,  in  order  that  I might  have  that  re- 
markable appearance  repeated. 

To  do  this,  I let  a very  fmall  quantity  of  air  into 
the  tube,  by  which  means  four  columns  of  quicklil- 
ver were  obtained,  reckoning  great  and  fmall  toge- 
ther ; and  lix  vifible  furfaces,  three  of  which  I called 
upper,  and  three  under  furfaces.  But  the  figure  in 
the  plate  N°.  IX.  will  give  you  a better  idea  of  the 
inftrument,  than  I am  able  to  do  by  writing. 

When  the  column  of  quickfilver  on  the  left  hand 
was  electrified,  and  the  other  on  the  right  commu- 
nicated with  the  earth,  the  Itream  of  light  was  vi- 
lible  in  a darkened  chamber,  and  the  general  appear- 
ance, all  the  way  through  the  vacuum , was  a light  of 
a feeming  uniform  denfity,  excepting  at  the  upper 
furfaces,  for  above  one  tenth  of  an  inch,  reckoning 

from 
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from  each  furface ; and  there  the  light  was  always 
confidcrably  brighter ; infomuch  that  a gentleman, 
then  prefen t,  who  was  unacquainted  with  experi- 
ments of  this  kind,  defired  to  know  the  reafon  of 
the  three  knobs  of  light  appearing  on  the  tops  of  the 
quickfilver.  I mention  this  circumflance,  becaufe 
they  were  remarkably  confpicuous;  whereas  the  thiee 
under  furfaces  exhibited  no  fuch  appearance,  the 
light  being  rather  lefs  bright  than  even  in  the  general 
appearance  of  the  whole  illuminated  vacuum. 

An  electric  current,  fetting  in  from  the  glafs  of  the 
electrifying  machine,  and  paffing  along  the  tube 
through  the  quickfilver  and  vacuum , and  fo  to  the 
earth,  muff  have  caufed  thofe  bright  knobs  by  means 
of  the  refinance  the  fluid  met  with  at  the  upper  fur- 
face  of  the  quickfilver  in  endeavouring  to  enter  it ; 
becaufe  the  .appearances  were  alike  on  the  three  up- 
per furfaces,  and  nothing  of  the  fame  kind  was  feen' 
at  the  under  furfaces.  Glafs  therefore  eledrifies  bo- 
dies plus , or,  in  other  words,  gives  bodies  a quan- 
tity of  eledric  fluid  more  than  they  have  naturally. 

I am  now  to  acquaint  you  with  the  appearances 
that  the  minus  eledricity  occafioned. 

Inftead  of  the  glafs  cylinder  to  eledrify  with,  I 
put  a refinous  one,  preserving  the  communication, 
and  every  thing  elfe,  as  in  the  former  experiment. 
In  thefe  circumftances,  the  general  appearance  of 
the  light  in  the  vacuum  was  the  fame ; but  in  this 
experiment  the  knobs  of  light  were  on  the  under  fur- 
faces, and  not  upon  the  upper. . 

From  the  knobs  of  light  being  at  the  under  fur- 
faces, and  not  upon  the  upper,  I concluded  that  the 
flow  of  the  fluid  was  the  contrary  way  to  that  caufed 
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by  glafs ; for  in  this  cafe  it  appeared  to  come  from 
the  earth,  then  into  the  tube,  and  fo  on  to  the  refinous 
cylinder.  Thofe  bodies  therefore  which  have  no  com- 
munication with  the  earth,  and  from  which  the  refi- 
nous  cylinder  is  fupplied,  mud:  be  electrified  minus  *. 

Thefe  luminous  knobs  (were  there  no  other  proofs) 
are  a drong  confirmation  of  the  exigence  of  a medium 
at  or  on  the  furfaces  of  bodies,  which,  to  a limited 
degree,  refids  or  hinders  the  entrance  and  exit  of  the 
efedtric  fluid.  But  we  have  fome  other  experiments 
to  illuflrate  the  fame,  and  the  Tourmalin  does  afiid  us 
not  a little. 

There  is  one  thing  more,  which  I am  obliged  to 
take  notice  of,  concerning  the  impermeability  of  glad 
by  electricity.  Our  friend,  Dr.  Franklin , feems  to 
found  a great  part  of  his  fydem  on  this  opinion. 

“ Glafs,  fays  he,  lias  within  its  fubdance  always 
c£  the  fame  quantity  of  eleCtrical  fire,  and  that  a very 
“ great  quantity  in  proportion  to  the  mafs.  This 
“ quantity,  proportioned  to  the  glafs,  it  drongly  and 
“ obdinately  retains,  and  will  have  neither  more 
“ nor  lejs , though  it  will  fufter  a change  to  be  made 
“ in  its  parts  and  fituationj  i.  e.  we  may  take  away 
<(  part  of  it  from  one  of  its  fides,  provided  we  throw 
<c  an  equal  quantity  into  the  other.” 

This  doCtrine  I could  never  agree  to,  fo  far  as  it  re- 
lates to  the  impermeability  of  glafs,  as  appears  by  my 
letters  in  anfwer  to  the  Abbe  Nollet  and  M.  le  Roy , 
on  their  requeding  to  know  my  fentiments  about  it, 


* The  fame  cylinder  made  rough  with  emmery,  and  rubbed  with 
flannel  at  one  time,  and  with  leather  at  another,  will  afford  thefe 
different  appearances,  the  firfl:  caufing  the  minus,  and  the  laft  the 
plus  appearance. 
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in  the  year  1 7^6,  the  former  of  whom  it  is  well 
known  Could  never  come  into  it*.  And  I am  ftill  the 
lefs  inclined  to  alter  my  opinion  of  this  matter,  from 
an  acquaintance  with  the  properties  of  the  Tourma- 
lin, which  I think  has  furnifhed  me  with  fufficient 
grounds  for  advancing  that  Dr.  Franklin  is  miftaken. 

I have  wondered  that  JEpinus  did  not  take  notice  of 
fome  of  the  experiments  which  eledtrify  glafs  either 
plus  or  minus , becaufe  the  Tourmalin  affordeth  lead- 
ing experiments  towards  it ; and  can  afcribe  it  to  no 
other  caufe  than  a favourable  opinion  he  was  willing 
to  entertain  of  Dr.  Franklin's  hypothecs. 

To  prove  that  glafs  is  permeable  by  eledtricity,  I 
took  a very  large  pane  thereof  (I  chofe  it  large,  that  no 
objection  might  be  made  to  the  experiment)  and  then 
warmed  it  a little,  fo  that  it  was  free  from  moifture. 
After  that,  I held  it  upright  by  one  edge,  whilft  the 
oppofite  edge  refted  upon  wax,  and  rubbed  the  mid- 
dle part  of  the  furface  with  my  finger.  After  this,  I 
found  that  both  fides  were  eledtrified  plus.  . Upon 
repeating  the  experiment  many  times,  with  different 
glafs  and  different  degrees  of  rubbing,  ftill  both  fides 
were  in  every  experiment  eledtrified  plus . Now  they 
could  not  both  be  eledtrified  plus  by  this  treatment, 
unlefs  fome  part  of  the  fluid  had  really  paffed  through 
the  glafs  j becaufe  the  virtue  could  not  get  round  to 
the  other  fide  over  fo  great  a furface:  befides,  the  ex- 
tremities of  the  glafs  were  not  eledtrified  at  all.  As 
to  eledtrifying  glafs  minus,  I find  it  may  be  done 
three  different  ways.  But  thefe  and  other  experi- 
ments relating  to  the  permeability  of  glafs,  I fhall 


* Vid.  Icttres  fur  l’e&ricite  par  M.  l’Abbe  Nollet,  lett.  iv. 
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forbear  mentioning,  till  I have  brought  you  better  ac- 
quainted with  the  Tourmalin. 

The  firft  account  I met  with  of  the  Tourmalin , and 
the  remarkable  properties  belonging  to  it,  was  from 
a memoir  in  the  Berlin  ablsy  printed  in  the  year  1758; 
wherein  it  appears,  that  F.  V.  T.  /. Epinus , profeftor  of 
natural  philofophy,  made  feveral  very  curious  and 
judicious  experiments  upon  it ; the  moft  material  of 
which,  prove  a plus  electricity  on  one  fide  thereof, 
and,  at  the  fame  time,  a minus  electricity  on  the  other 
fide  j provided  the  Tourmalin  is  moderately  warmed, 
and  even  by  hot  water.  Thefe  appearances  are  the 
more  extraordinary,  as  the  like  means  employed  in 
the  fame  manner  upon  diamonds,  glafs,  and  all  other 
eleCtric  bodies  hitherto  tried,  produce  no  fuch  ap- 
pearances. 

The  Duke  de  Noya , who  viftted  this  kingdom  in 
1758,  wrote  a fmall  treatife  on  the  fubjeCt,  and  pub- 
lifhed  it  at  Paris  on  his  way  to  Italy : in  this  work  he 
mentions  /Epinus' s experiments,  but  does  not  admit 
of  a plus  and  minus  electricity  belonging  to  the  Tour- 
malin when  heated.  On  the  contrary,  he  fays  that 
the  two  fides  are  electrified  plus , but  one  of  them  is 
more  fo  than  the  other ; and  that  it  is  the  difference 
between  thofe  degrees  which  has  led  /Epinus  into  the 
miffake. 

I remember  to  have  repeated  moft  of  the  experi- 
ments mentioned  in  the  Berlin  jnemoir , foon  after  it 
appeared  in  England,  with  the  Tourmalin  belonging 
to  our  friend  Dr.  Sharpy  which  you  fortunately  re- 
collected to  have  feen  in  his  pofteftion  many  years  ago 
at  Cambridge ; for  it  was  the  only  one  known  of  here 
at  that  time : and  though  but  a fmall  one,  compared 
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with  JEpinus's,  yet  it  was  large  enough  to  fatisfy  me 
that  his  opinion  was  well  founded.  Befides,  the  trials 
you  made  with  the  fame  ftone  before  I had  it,  were 
a farther  confirmation  of  the  truth.  However,  the 
following  experiments,  which  I made  to  procure  more 
data  towards  attaining  fome  fimple  explanation  of 
thefe  curious  phenomena,  will  lufficiently  prove,  that 
one  fide  of  the  ftone  is  really  electrified  plus , and  the 
other  fide  minus.  And  had  the  Duke  de  Noya  made 
farther  experiments,  and  purfued  the  fame  method  I 
have  done,  I think  he  would  have  been  of  the  fame 
opinion. 

The  largeft  Tourmalin  I had  from  you,  and  with 
which  I made  the  following  experiments,  weighs 
above  120  grains.  It  is  of  an  oval  form,  and  poliffied: 
the  greateft:  diameter  meafures  an  inch  and  a quarter, 
and  the  leafl  one  inch.  One  fide  is  plain , the  other 
is  convex,  but  cut  into  feveral  finall  planes  or  facettes, 
fomething  like  a rofe  diamond  j the  thickeft  part  of 
which  is  near  one  third  of  an  inch.  This  lhape  does 
not  leem  to  me  to  be  the  moll  convenient  for  make- 
ing  experiments,  but  I would  not  alter  it,  left  the 
ftone  fhould  break;  for  there  are  feveral  cracks  in  it; 
and  I fear  it  will  be  difficult  to  meet  with  another  of 
the  fame  fize. 

To  make  experiments  with  the  Tourmalin  requires 
the  greateft  attention,  as  the  appearances  fometimes 
are  fcarcely  fenfible,  infomuch  that  I have  been  obliged 
to  employ  the  tendered  kind  of  apparatus,  and  even 
interpofe  a fort  of  fkreen  to  prevent  my  breath,  or 
other  like  motions  of  the  air,  from  difturbing  the  ex- 
periment. 

My  apparatus  for  making  many  of  thefe  experi- 
ments, confifts  of  two  very  fmall  balls  made  of  the 
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pith  of  older,  and  fufpended  by  two  linnen  threads 
of  the  fined:  kind  : the  ends  of  thefe  threads  I fatten 
to  a flip  of  wood  about  three  inches  long,  and  half  an 
inch  broad : then  upon  a ttick  of  dealing  wax  nine 
inches  long,  fixed  upright  on  a table,  or  any  other 
convenient  place,  I fatten  the  flip  of  wood,  from  one 
end  of  which  the  threads  &c.  hang  down  five  inches, 
fo  that  the  pith  balls  are  about  four  inches  from  the 
table.  Thefe  balls  are  always  fuppofed  to  be  electri- 
fied plus,  except  where  the  contrary  is  mentioned : but 
with  no  greater  power,  than  to  make  them  recede 
from  each  other  about  one  inch  in  every  experiment. 

I prefer  the  wax  ftand  to  a glafs  one,  as  the  latter 
when  cold  acquires  moifture  very  foon,  and  therefore 
becomes  a conductor:  whereas  wax,  when  it  is  once 
in  good  order,  will  continue  a non-conduCtor  for  a 
long  time. 

Before  I fet  down  my  experiments,  I mutt  mention 
three  truths  that  are  commonly  known,  and  which, 
for  the  prefent,  I fhall  call 

General  Laws. 

Two  bodies  equally  electrified  plus  recede  from 
each  other,  or  are  repelled. 

Two  bodies  electrified  minus  recede  alfo  from  each 
other,  or  are  repelled. 

One  body  electrified  plus  and  another  body  electri- 
fied minus , to  an  equal  degree,  accede,  or  move  to- 
wards each  other,  or,  as  it  is  generally  exprefled,  are 
attracted. 

Experiments  upon  the  Tourmalin. 

Exp.  i.  One  edge  of  the  Tourmalin  being  properly 
fattened  to  a long  ttick  of  fealing  wax,  I dipped  the 
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{lone  into  boiling  water,  and  continued  it  there  near 
one  minute.  On  taking  it  out,  and  prefenting  the 
convex  Tide  thereof  near  the  pith  balls,  they  immedi- 
ately receded  from  it,  but  not  very  drongly. 

On  turning  the  plain  fide  towards  the  balls,  it 
caufed  them  to  accede  to  it,  but  rather  at  a greater  di- 
dance in  this  cafe,  than  they  receded  from  it  in  the 
lad.  When  the  flow  was  colder,  thefe  appearances 
were  confiderably  dronger ; but,  on  cooling  dill 
more,  they  were  lefs  and  lefs. 

Exp.  2.  I repeated  this  lad  experiment,  with  the 
difference  only  of  having  the  balls  electrified  minus 
indead  of  plus  *.  And  in  this  cafe  (as  might  be  ex- 
pected) the  effeCts  were  reverfed;  the  balls  acceding 
towards  the  convex  fide,  and  receding  from  the  plain 
fide. 

Thefe  appearances  in  the  two  experiments  agree- 
ing with  one  another,  diffidently  prove,  that  when  the 
flone  has  been  heated  by  water , one  fide  is  eledlrified 
minus,  and  the  other  fide  is  ele  ft  rifled  plus  ; which  is 
the  fird  lav/  laid  down  by  JEpinus.  This  date  has 
not  improperly  been  called  its  natural  [late  j becaufe 
the  beat , which  difpofed  the  Tourmalin  to  adord  thefe 
appearances,  was  uniform  in  every  part  of  its  furface, 
and  the  water  itfelf  an  uniform  conductor. 

Exp.  3.  I prefented  the  convex  fide  to  the  flame  of 
a candle,  but  not  fo  near  as  to  touch  the  flame,  and 
held  it  there  about  one  minute,  during  which  time 
the  done  acquired  a plus  electricity  on  both  tides,  for 


* I did  the  fame  thing  in  every  experiment  where  there  was  oc- 
cafton  to  ufe  thefe  balls,  to  be  more  certain  of  the  conclufions. 
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the  balls  receded  from  them,  but  rather  with  a greater 
force  from  the  convex  fide,  than  from  the  plain  fide. 

This  appearance  proves  an  increafe  of  the  power  in 
the  flone ; becaufe  it  continued  to  aCt  for  a time  like 
other  bodies  electrified  plus . And  in  regard  to  the 
different  forces  of  the  two  fides,  that  will  be  particu- 
larly confidered  hereafter. 

Exp.  4.  After  a fhort  time,  the  'Tourmalin  being 
colder,  and  the  remaining  heat  more  equally  diffufed, 
it  changed  its  laft  ftate  to  a plus  and  minus  one  j for 
the  plain  fide  made  the  balls  accede , and  the  convex 
fide  made  them  recede. 

This  change  feemed  to  arife  from  fome  alteration, 
on  or  near  its  furfaces,  by  having  the  heat  equally  dif- 
fufed throughout  the  ftone:  if  it  was  not  fo,  I fee 
no  reafon  but  that  the  Tourmalin  fiiould  continue  to 
be  eledtrified  plus  on  both  fides,  whiifl  any  eleCtrical 
figns  remained. 

Exp.  y.  I now  held  the  plain  fide  as  near  the  flame 
as  I had  done  the  convex  one;  and  inftead  of  both 
fides  being  electrified  plus,  they  were  electrified  mi- 
nus, for  each  fide  caufed  the  balls  to  accede. 

From  this  experiment,  I had  reafon  to  believe  that 
the  flone  was  emptied  (if  I may  fo  fay)  of  its  electri- 
city; becaufe  it  continued  to  aCt  for  a time  like  other 
bodies  electrified  mmus. 

Exp.  6.  After  the  fame  length  of  time  as  in  the 
fourth  experiment,  the  Tourmalin  being  colder,  it 
changed  its  ftate  alfo ; for  the  convex  fide  made  the 

O t 

balls  recede , and  the  plain  fide  continued  to  make 
them  accede , as  they  had  done  before, 


This 


[ 320  ] 

This  change  Teemed  likewife  to  arifi*  from  Tome 
alteration  on  the  furfaces  of  the  tourmalin , by  haying 
the  heat  equally  diffufed  throughout  the  ftone : if  it 
was  not  fo,  I (ee  no  reafon  but  that  the  tourmalin 
fhould  continue  to  be  electrified  minus  on  both  fides, 
whilft  any  eletfxical  figns  remained. 

I was  naturally  led  next  to  examine  at  which  fur- 
face  of  the  tourmalin  the  fluid  entered  (if  any  did), 
whilft  it  continued  heating. 

Exp . 7.  Flame  being  improper  for  my  purpofe, 
becaufe  the  eleCtric  fluid  is  readily  difiipated  by  its 
prefence,  I made  choice  of  an  iron  rod,  at  the  end  of 
which  was  a round  knob.  This  was  heated,  and  af- 
terwards brought  to  a certain  diftance  from  the  balls, 
in  order  to  fee  if  they  were  moved  by  it:  but  not  per- 
ceiving tire  leaft  motion,  I interpofed  the  tourmalin , 
with  the  convex  fide  next  the  balls.  They  acceded 
a little,  and  when  I removed  the  heated  iron,  they 
returned  to  their  place  again.  I then  brought  the 
iron  nearer  to  the  tourmalin  than  before:  the  balls 
in  this  cafe  moved  with  vigour  towards  the  ftone,  and 
continued  in  contatt  with  it  for  a confiderable  time ; 
and,  after  that,  they  receded  from  it. 

On  examining  the  balls,  I found  they  had  loft  all 
their  plus  ele&ricity,  and  were  ele&rified  minus.  I 
alfo  obferved  that  the  ftone  itfelf  was  minus  on  both 
ftdes. 

I gathered  from  this  experiment,  that  the  elcttric 
fluid  flowed  from  the  balls  towards  the  ftone  ; becaufe 
they  not  only  loft  their  own  plus  electricity,  but  were 
electrified  minus : and,  as  the  tourmalin  was  minus 
alfo  on  both  fides,  a quantity  of  clettric  fluid  mufl 

have 
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have  flowed  y.^n  it  towards  the  iron.  That  this  was 
really  the  fa£t  will  appear  prefently. 

Exp.  8.  When  I heated  the  convex  lide  in  the 
fame  manner  as  I did  the  plain  one,  the  balls  were 
not  moved  towards  the  1 Tourmalin , but  from  it,  and 
continued  in  that  date.  In  this  experiment  they  were 
electrified  plus,  and  the  done  alfo  was  plus  on  both 
lides. 

I gathered  from  this  experiment  that  the  plus  elec- 
tricity in  the  done  did  not  flow  from  the  balls,  be- 
caufe  they  lod  none  of  their  virtue  but  it  mud  be 
from  the  iron  it } elf. 

It  was  now  neceflary  to  examine  the  iron : but  I 
found  it  very  difficult  to  do  this  for  many  reafons, 
and  fuch  as  might  perhaps  be  thought  too  tedious  if 
I mentioned  them. 

I therefore  had  recourfe  to  another  expedient, 
where  there  was  a probability  of  meeting  with  better 
fuccefs.  This  was  to  make  ufe  of  a tube  of  glafs 
about  two  feet  long,  one  end  of  which  I heated  red 
hot  and  tried  the  experiments  again:  obferving  at  the 
fame  time  the  date  of  the  glafs  after  each  experi- 
ment. 

Exp.  p.  When  the  plain  fide  of  the  'Tourmalin  was 
expofed  to  the  heated  end  of  the  glafs,  in  like  man- 
ner as  it  was  to  the  knob  of  iron  in  the  feventh  ex- 
periment, I obferved  that  about  three  inches  of  the 
heated  part  of  the  glafs  was  eleSlrified  minus , and  be- 
yond that  didance  it  was  electrified  plus , and  conti- 
nued fo  even  when  the  glafs  was  very  near  cold. 

This  plus  and  minus  date  in  the  glafs,  mud  be 
caufed  from  the  aCtion  of  the  fluid  flowing  from  the 
V ol.  LI.  T t balls 
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tails  and  Tourmalin  towards  the  glafs : becaufe  I 
found  that  a current  of  the  eledtric  fluid  adting  again 
the  natural  quantity  of  the  fluid  in  the  glafs  will  pro- 
duce the  fame  eAredt : for  having  rubbed  a tube  ot 
alafs,  I applied  it  to  the  heated  end  of  another  tube, 
and  the  appearances  were  exadtly  alike ; that  part 
which  was  heated  being  minus,  and  the  part  beyond 

'This  feems  a leading  ftep,  towards  difcovering  the 
truth  we  are  in  fearch  after  : for  the  curient  of  the 
fluid  feems  to  be  fairly  traced  in  thefe  circumdances, 
the  heat  having  difpofed  the  Tourmalin  y roperly  to 
let  the  fluid  pafs  from  the  balls , through  its  fubjtance, 

towards  the  glafs. 

Exp.  10.  I was  now  eager  to  try  what  would  be 
the  event,  when  the  heated  part  of  the  glafs  was  next 
the  convex  lide  of  the  Tourmalin.  Upon  making  the 
experiment,  I found  that  the  tube  was  eledtiified  mi- 
nus above  one  foot  in  lengthy  without  the  lead  appeai- 
ance  of  a plus  eledricity  beyond  the  minus  one,  as  in 
the  lad  experiment.  And  this  minus  appearance  con- 
tinued alfo  when  the  tube  was  nearly  cold. 

Now  becaufe  the  Tourmalin  w as  plus , the  balls  plus 
alfo  and  the  heated  glafs  minus , the  eledhic  fluid 
mujl  have  flowed  from  the  glafs  to  produce  a plus  elec- 
tricity in  the  done  and  balls. 

Thus  you  fee,  Sir,  I have  difeovered  two  currents 

of  the  eletfric  fluid  palling  in  contrary  directions,  the 
one  of  them  electrifying  both  fides  of  the  Tourmalin 
plus , and  the  other  both  fides  minus. 

MY  next  Aep  was  to  put  the  Tourmalin  into  its 
natural  date  (as  JEpinus  calls  it,)  in  order  to  make 
farther  experiments. 
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Exp.  ii.  To  anfwer  this  purpofe  befl,  I feparated 
the  Tourmalin  from  the  wax,  and  placed  it  in  boil- 
ing water  for  a.  fhort  time,  where  it  was  furrounded 
on  all  fides  with  a conductor  and  an  equal  degree  of 
heat : then,  taking  it  out  of  the  water,  I laid  the 
convex  fide  (after  it  was  dry)  upon  the  flip  of  wood, 
fupported  by  wax,  to  which  the  pith  balls  were  fuf- 
pended  ; but  no  appearance  happened,  for  the  balls 
continued  at  reft. 

Exp.  12.  But  when  the  flone  remained  on  the  wood 
a little  time  longer,  the  balls  feparated  to  a conlider- 
able  diftance,  fometimes  near  two  inches ; and  re- 
mained fo  for  more  than  one  minute. 

In  this  flate  they  were  electrified  plus,  as  appeared 
by  their  acceding  towards  amber  when  it  was  rubbed 
and  brought  near  them.  From  the  balls  being  elec- 
trified plus,  the  flow  of  the  fluid  from  the  plus  fide 
of  the  Tourmalin  mud  have  caufed  fome  part  of  the 
wood  itlelf  to  be  minus , and  the  balls  plus-,  becaufe 
the  fame  effects  happened  in  Exp.  p.  Befides,  elec- 
trified glafs  oppofed  to  the  fame  wood  produced  fimi- 
lar  appearances. 

Exp.  ij.  If,  whilfl  the  flone  continued  refling 
upon  the  wood,  I brought  my  finger  near  the  plain 
fide  of  the  Tourmalin , the  balls  receded  farther  from, 
each  other;  and  when  I repeated  the  approach,  it 
every  time  affe&ed  the  balls  and  made  them  recede 
a little  more,  unlefs  the  Tourmalin  was  become  too 
cold;  in  which  cafe  they  approached  nearer,  but  flill 
continued  to  be  ele&rified  plus. 

In  this  experiment,  the  finger  did  nothing  more 
than  fupply  the  flone  with  the  eleCtric  fluid,  more 
readily  than  the  air  itfelf  would  have  done. 

T t 2 Exp.  14. 
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Exp.  14.  Upon  removing  the  flone  by  degrees 
from  off  the  wood,  the  balls  approached  nearer  and 
nearer  : but  when  it  was  taken  away  entirely  they 
receded  again,  and  in  this  cafe  were  electrified  minus 
in  head  of  plus. 

This  is  a farther  confirmation  that  the  fluid  flow- 
ing from  the  Jlone  electrified  the  wood  minus,  by 
forcing  part  of  the  natural  quantity  in  the  wood  into 
the  balls,  and  fo  made  them  plus ; but  becaufe  fome 
part  of  the  fluid  was  forced  likewife  out  of  the  balls 
into  the  air  whilft  they  continued  plus , therefore 
when  the  (lone  was  taken  away,  they  wrere  juft  as 
much  electrified  minus , as  the  force  of  the  fluid  flow- 
ing from  the  ) lone  was  able  to  drive  out  of  the  balls : 
and  I have  formerly  fliewn  * that  the  balls  will  re- 
- cede  from  one  another  in  this  minus  flate  as  they  do 
in  a plus  one,  by  the  crouding  in  of  the  fluid  from 
the  air  &c.  on  all  fides  to  reftore  the  equilibrium  ; 
but  being  retarded  in  fome  degree  in  endeavouring 
to  enter  the  balls  by  the  medium  on  their  furfaces, 
an  accumulation  is  formed,  and  confequently  atmo- 
fpheres  fimilar  to  the  plus  ones ; with  this  difference 
only,  that  one  is  tending  from  the  body  and  the  other 
to  the  body. 

Exp.  15.  After  heating  the  ftone  again  in  boiling 
water,  I laid  the  plain  fide  upon  the  wood.  In  this 
cafe  the  balls  continued  at  reft  as  they  did  in  the 
eleventh  experiment,  when  the  convex  fide  laid  upon 
the  wood. 


* See  exp.  and  obf.  by  Hoadly  and  JFUfott. 
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Exp.  1 6.  But,  after  a little  time,  the  balls  feparated 
an  inch  or  more,  and  remained  fo  for  fome  time. 
In  this  ftate  they  were  eledrified  minus ; for  they 
receded  from  the  amber. 

The  'Tourmalin , in  thefe  circumftances,  was  fup- 
plied  with  the  elednc  fluid  from  the  wood  and  balls, 
as  appears  from  the  preceding  experiments,  when  the 
heated  glafs  was  applied ; fo  that  the  balls  muft  have 
been  in  a minus  hate,  and  fome  part  of  the  wood  in 
a plus  one  : becaufe  of  the  like  refiftance  at  the  fur- 
face  to  be  overcome,  where  an  accumulation  of  the 
fluid  muft  have  been  caufed  before  it  could  pafs  to 
the  Tourmalin ; as  appears  by  Lord  Charles  Caven- 
di/Jfs  experiment. 

Glafs  eledrified  minus , and  applied  in  the  fame 
manner,  produced  the  like  effed.  As  to  the  method 
of  eledrifying  glafs  minus , it  will  be  fhewn  pre- 
fently. 

Exp.  17.  Upon  bringing  my  finger  near  the  convex 
fide,  the  balls  receded  farther  from  each  other , as 
they  did  in  the  thirteenth  experiment : and,  on  re- 
peating the  approach,  the  balls  receded  a little  more, 
unlefs  the  ftone  was  become  too  cold. 

The  approach  of  the  finger , therefore,  conduded 
the  fluid  from  the  flone , more  readily  than  the  air 
furrounding  it. 

Exp.  18.  On  removing  the  Tourmalin  the  leaft 
from  the  wood,  the  balls  approached  nearer  each 
other,  and  continued  to  do  fo  as  the  ftone  was  removed 
farther  off ; neverthelefs  they  were  eledrified  minus , 
though  in  a lefs  degree. 

Exp.  19.  I then  removed  it  intirely,  and  the  balls 
receded , but  to  a greater  difance  than  at  any  time 

before 
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before  in  the  preceding  experiments  ; and,  inftead  of 
being  minus , they  were  now  plus  $ for  the  amber 
caufed  them  to  accede . 

By  the  balls  receding  to  a greater  diftance  in  this 
la  ft  cafe  than  in  any  other  experiment  I have  yet  pro- 
duced, and  the  flow  of  the  fluid,  during  the  natural 
Jiate  of  the  ftone,  being  from  the  minus  to  the  plus 
fide,  we  have  produced  another  proofs  that  the  refin- 
ance is  leaf  at  the  minus  fide  of  the  fone : and  from 
this  caufe,  the  tendency  of  the  fluid  from  the  balls 
towards  the  fione  muft  be  greater,  than  when  the  fluid 
tended  from  the  ftone  towards  the  balls.  But  there  is 
a reflftance  appertaining  to  the  wood,  that  was  ob- 
ferved  before,  and  which  muft  be  taken  into  the  ac- 
count, though  it  is  the  fame  in  each  experiment. 
Neverthelefs,  fince  the  tendency  of  the  fluid  is  differ- 
ent when  different  fldes  of  the  fone  are  expofed,  dif- 
ferent degrees  of  the  eledtric  fluid  will  be  accumu- 
lated. Hence  we  fee  the  reafon  why,  upon  removing 
the  fone  from  off  the  wood,  as  in  this  lad  experi- 
ment, more  of  the  accumulated  fluid  muft  have 
flowed  in,  than  flowed  out , becaufe  the  balls  were  elec- 
trified plus. 

HAVING  endeavoured  to  explain  thele  three  dif- 
ferent fates  of  the  Tourmalin , caufed  by  different  ap- 
plications of  heat , I fhall  now  offer  fome  farther  ex- 
periments in  which  fridlion  is  concerned,  and  com- 
pare them  with  other  experiments  of  the  vitreous  and 
refinous  kind,  in  order  to  obferve  how  far  they  agree 
with  one  another,  and  whether  the  principles  here 
advanced  are  conftant  and  uniform. 

Exp . 20.  The  Tourmalin  being  again  fixed  to  the 
wax,  I gave  the  convex  fide  one  flight  rub  with  my 

finger , 


[ 327  ] ' 

finger , and  obferved,  that  both  Tides  were  electrified 
plus. 

When  the  Tourmalin  was  put  into  its  natural / fate , 
To  as  to  eleCtrify  plus  and  minus , I gave  the  fame  fide 
another  flight  rub ; and  in  this  cafe  both  fides  were 
electrified  plus. 

Upon  repeating  thefe  two  laft  experiments  with  the 
plain  fide  inftead  of  the  other,  the  Tourmalin  was 
electrified  plus  on  both  Tides  likewife  ; but  with  this 
difference,  that  now  they  were  confiderably  more 
electrified  than  before. 

This  is  a farther  argument,  that  the  refiftance  is 
lefs  on  the  plain  fide  than  on  the  convex  fide  ; and  that 
the  fluid  pa  (Jed  through  the  Jlone. 

And  becaufe  fo  flight  a friction  occafioned  fuch  a 
fenfible  alteration,  we  are  fufliciently  cautioned  from 
touching  the  flone  at  any  time,  but  when  the  experi- 
ment requires  it.  The  fame  caution  is  to  be  obferved 
with  glafs,  amber,  filk,  &c. 

Thefe  experiments  put  me  upon  trying  the  experi- 
ment with  the  pane  of  glafs,  mentioned  in  the  begin- 
ning of  this  letter;  and,  upon  finding  that  the  eleftric 
fluid  not  only  pajfled  through  the  glafs,  but  electrified 
it  plus , I had  a mind  to  try,  whether  I could  not  elec- 
trify it  minus. 

Exp.  2 1.  For  this  purpofe  I made  ufe  of  the  fame 
glafs,  and,  when  it  was  a little  warmed,  I held  it 
within  two  feet  of  the  prime  conductor,  which  was 
oleCtrified  plus.  By  this  method,  that  part  of  the 
glafs,  which  was  oppofed  to  the  conductor,  became 
electrified  minus  on  both  fides ; but  beyond  that,  a con- 
fiderable  part  all  round  the  minus , was  electrified  plus 
on  both  (ides.  This  effeCt  is  of  the  fame  kind  with 

2 that 
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that  mentioned  in  the  9th  experiment.  In  a few 
minutes,  the  minus,  electricity  difappeared,  and  the 
plus  continuing,  diffufed  itfelf  into  the  place  of  the 
other  ; fo  that  now  the  whole  was  eledtrified  plus. 

Exp.  22.  The  experiment  fo  far  fucceeding,  in- 
duced me  to  make  ule  of  a lefs  piece  of  glafs,  that  I 
might  have  the  whole  eleSirifed  minus.  Upon  making 
the  experiment,  it  anfwered  accordingly. 

Thefe  advances  led  me  to  obferve  the  power  of 
electrifying  this  fmall  piece  of  glafs  and  the  Tourma- 
lin at  different  dijlances. 

Exp.  23.  I expofed  the  fmall  piece  of  glafs  to  the 
prime  conductor,  at  the  diftance  of  two  feet,  which 
was  the  fame  as  before  in  the  21ft  experiment,  and 
obferved  a minus  ele Sir i city  at  both  Jur faces. 

Exp.  24.  As  I moved  the  glafs  nearer , to  a certain 
diftance,  it  was  more  fenfibly  electrified  minus ; and 
after  that,  on  moving  it  ftill  nearer,  the  minus  ap- 
pearance was  lefs  and  lefs  feniible,  till  it  came  within 
the  diftance  of  about  one  inch , and  then  it  was  elec- 
trified plus  on  both  ftdes. 

Thefe  laft  experiments  are  farther  confirmations  of 
the  permeability  oj  glafs. 

Exp.  25.  This  plus  eledricity  in  the  glafs  I found 
might  be  changed  to  a minus  once  again,  by  remov- 
ing the  glafs,  and  holding  it for  a time  at  a greater  di- 
ftance : which  is  another  proof  of  the  repulfve  power 
of  this  fuid. 

Exp.  26.  The  Tourmalin  afforded  like  appearances 
when  in  the  fame  circumltances ; with  this  difference, 
that  they  were  caufed  at  greater  diftances  than  thofe 
of  the  glafs;  and  particularly  the  plus  electricity  was 
acquired  at  the  diftance  of  one  foot,  or  more. 

• From 
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• From  this  difference  in  the  power  at  different  di- 
ftances, I inferred,  that  the  Tourmalin  rejijh  the  exit 
and  entrance  of  the  fluid  conflderably  lefs  than  glafsy  or 
even  amber  ; for  the  diftances  requifite  to  caufe 
changes  in  thefe,  were  lefs,  than  the  diftances  which 
caufed  changes  in  the  Tourmalin  : and  fince,  by  ex- 
pofing  glafs,  and  the  Tourmalin , to  an  eledrified  body, , 
at  confiderable  diftances,  they  are  rendered  minus, 
and  at  a nearer  diftance  plus  ; it  is  no  inconfiderable 
argument  that  their  general  laws  are  the  fame ; and 
that  the  Tourmalin  differs  in  ?io thing  fro?n  other  elec- 
tric bodies , but  in  acquiring  an  eleBricity  by  heat. 
And,  in  regard  to  this  remarkable  effed,  the  experi- 
ments I formerly  made,  which  rendered  eledrics 
non-eledric,  as  likewife  Mr.  Delaval’ s curious  expe- 
riments upon  earthy  fubftances,  are  other  inftances 
how  particular  bodies  may  be  fo  altered,  as  to  fuffer 
the  eledric  fluid  to  pafs  through  them  or  not,  accord- 
ing to  the  different  degrees  of  heat  employed  in  the 
experiment. 

But  to  proceed  with  our  obfer  vations  on  rubbed  gl  afs. 

Exp.  27.  Having  by  me  a pane  of  glafs,  one  fide 
of  which  was  rough,  and  the  other  fmooth,  I rubbed 
it  (lightly  on  the  rough  fide  ; upon  doing  which,  both 
fides  were  eleftrified  minus. 

Exp.  28.  I treated  the  other  fide  in  the  fame  man- 
ner; after  which,  the  minus  eledricity  was  changed 
to  a plus  one , on  both  fldes. 

Now,  becaufe  the  fame  glafs  afforded  different  ap- 
pearances when  different  fides  thereof  were  rubbed, 
and  there  being  no  other  difference  in  the  circum- 
ftances  of  the  two  experiments,  except  that  in  the 
furfaces  themfelves,  the  one  being  rough,  and  the 
Vol,  LI.  LT  u • other 
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other  fmooth;  it  follows,  that  the  power  of  eledtri- 
fying  plus  or  minus  arifes  froth  one  and  the  fame  fluid. 

Exp . 29.  I then  had  a curiofity  to  try,  whether  I 
could  not,  by  rubbing,  make  one  fide  of  this  glafs 
plus,  and  the  other  minus,  at  the  fame  time.  This  I 
effected,  after  both  fides  were  made  plus ; for,  by  rub- 
bing the  rough  fide  of  the  glafs  lefs,  than  I rubbed 
the  fmooth  fide,  that  became  minus , and  the  fmooth 
fide  continued  plus.  I rubbed  the  rough  fide  lefs, 
becaufe  I found  from  experience,  that  rough  glafs 
required  a lefs  power  to  electrify  it  minus , than 
Jmooth  glafs  did  to  eledtrify  it  plus ; and  therefore  I 
concluded,  that  the  medium  on  the  different  furfaces 
has  different  powers , the  great  eft  belonging  to  the 
fmooth,  and  the  leaft  to  the  rough  furfaces  ; as  Sir 
lfaac  Newton  has  fhewn  concerning  light  falling  up- 
on poliilied  and  rough  glafs. 

I remember  an  obfervation  of  the  like  kind,  which 
Mr.  Short  made,  upon  having  occafion  to  heat  one 
of  his  metal  J'peculums , behind  which  was  faftened  a 
wooden  handle.  This  Jpeculum  he  placed  near  a 
ftrong  fire,  with  the  polifhed  furface  towards  the  fame, 
where  it  continued  above  an  hour,  without  receiving 
the  leaft  degree  of  warmth.  That  power  therefore, 
which  reflected  the  heat , mull  certainly  be  of  the  fame 
nature  with  that,  which  occafioned  the  knobs  of  light 
in  vacuo , mentioned  in  the  firft  experiment.  I have 
frequently  endeavoured  to  caufe  alterations  in  that 
power,  with  a view  to  be  better  acquainted  with  its 
laws ; and,  amongft  other  attempts,  I rubbed  elec- 
trics againft  eledtrics. 

Exp.  30.  The  firft  trial  was  with  the  Tourmalin 
and  amber,  which  produced  a plus  eledtricity  on  both 
i 1 fides 
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Tides  of  the  ftone,  and  a minus  one  in  the  amber. 
Afterwards  I electrified  the  amber,  and  held  it  near 
the  Tourmalin ; ftill  both  fides  were  plus : and  if  I 
rubbed  the  Tourmalin  whilft  the  amber  was  electri- 
fied, it  continued  plus . Then  I rubbed  the Jlone  with 
glafs ; notwithftanding  which,  both  fides  of  the  T our - 
malm  were  plus , and  the  glafs  minus . 

Exp.  31.  But  when  the  glafs  was  electrified  plus, 
and  held  near  the  Tourmalin , as  I had  done  before 
with  the  amber,  in  this  cafe,  both  fides  were  electri- 
fied minus . 

Thefe  experiments  feem  to  fhew,  that  where  elec- 
tric appearances  are  produced,  by  the  rubbing  of  any  two 
polijhed  bodies  together , that  body,  whofe  fubftance 
is  bar  deft,  and  eledlric  power  JlrongeJl , will  be  always 
plus,  and  the j oft  eft  and  weakeft , always  minus . It  was 
from  this  theory,  with  which  I had  the  pleafure  to 
acquaint  you,  that  I was  defirous  of  trying  to  elec- 
trify the  Tourmalin  minus  by  rubbing , not  having  at 
that  time  been  able  to  do  it.  I fixed  upon  a brilliant 
diamond  for  this  purpofe,  as  being  the  hardejl  body, 
and  JlrongeJl  eletlric,  that  I was  acquainted  with  ; 
and,  upon  rubbing  the  Tourmalin  with  it,  my  expec- 
tations were  anfwered  ; for  both  fides  of  the  Tourma- 
lin were  electrified  minus , and  the  diamond  plus, 

Exp.  32.  Thefe  experiments  fucceeding,  I rubbed 
glafs  againft  glafs,  and  found,  that  they  elettrified 
each  other ; but  one  of  them  was  plus , and  the  other 
minus. 

Exp.  33.  Two  pieces  of  amber,  treated  in  the  fame 
manner,  were  alfo  electrified  plus  and  minus. 

Exp.  34.  When  I rubbed  glafs  againft  amber,  the 
former  was  plus , and  the  latter  minus. 

~ U u 2 Exp. 
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Exp.  3 y.  Two  Tourmalins  being  rubbed  againfl 
each  other,  one  became  plus,  and  the  other  minus. 

From  all  which  it  appears,  that  fome  alteration 
was  made  in  the  medium  on  their  furfaces ; otherwife 
thefe  oppofite  effects  could  not  have  been  produced : 
and  in  regard  to  the  fame  bodies  producing  different 
effects,  it  is  not  improbable  but  they  may  differ  in 
degrees  of  hardnefs,  polifh,  or  of  their  electrifying 
power. 

Now,  as  eleCtrics , rubbed  againfi  eleClrics , occa- 
fioned  electrical. appearances,  I was  encouraged  to  try 
what  would  be  the  effeCt  of  air,  if  I rubbed , or  rather 
forced,  it  againff  eleCtrics ; for  I fuppofed  the  particles 
of  air  to  be  furrounded  with  a medium  of  the  fame 
kind  as  groffer  bodies,  which  is  the  caufe  of  their 
being  fo  elaffic. 

Exp.  36.  To  do  this,  I only  made  ufe  of  a com- 
mon pair  of  bellows,  and  having  brought  the  Tourma- 
lin near  to  the  end  of  the  pipe,  I found,  after  it  had 
received  about  twenty  blajis , it  was  electrified  plus  on 
both  fides. 

Air  therefore  feems  to  be  lefs  eleCtric  than  the 
T mrmalin. 

Exp.  37.  Into  the  place  of  the  Tourmalin  I brought 
a pane  of  glafs,  and  blew  againfl  it  the  fame  number 
of  times  as  in  the  former  experiment.  When  I exa- 
mined both  fides,  they  were  electrified  plus  alfo,  but 
lefs  than  the  Tourmalin. 

Exp.  38.  Amber,  treated  in  the  fame  manner,  was 
electrified  lefs  than  the  glafs. 

Exp.  39.  I had  recourfe  next  to  a fmith’s  bellows. 
The  difference  thefe  occafioned  was  only  a much 

flronger 


C 333  3 

ftronger  electricity  in  the  Tourmalin.  Amber  was 
ftill  weaker  than  the  glafs,  and  the  glafs  weaker  than 
the  Tourmalin . 

Still  having  in  view  the  medium  on  the  furfaces  of 
the  particles  of  air,  I confidered,  that  heat  would  ra- 
tify it;  by  which  means,  air,  having  its  refiftance  leff- 
ened,  would  more  readily  part  with  the  electric  fluid, 
and  of  confequence  eleCtrify  more  powerfully. 

Exp.  40.  The  pipe  of  the  bellows  being  made  red- 
hot,  I blew  againft  the  Tourmalin  twelve  times  only, 
which  was  eight  blafts  lefs  than  in  the  former  experi- 
ments with  cold  air.  In  this  experiment  likewife  the 
Tourmalin  was  electrified  plus  on  both  Tides,  but  to  a 
confiderable  degree  more,  than  was  done  in  the  36th 
and  39th  experiments.  The  hot  air  had  the  fame 
effedt  upon  glafs  ; but  electrified  it  lefs  than  th eTour- 
malin  : and  amber,  though,  like  the  other  bodies,  it 
fuffered  an  increafe  of  power  by  the  fame  treatment, 
was  electrified  the  leaft  of  all. 

From  the  air  electrifying  more  powerfully  when  it 
is  hot,  than  when  cold;  and  the  Tourmalin  being  elec- 
trified more  than  glafs,  and  glafs  more  than  amber, 
as  appears  by  thefe  laft  experiments,  we  feem  to  have 
obtained  a proof,  that  the  whole  atmofphere  is  con- 
ftantly  promoting  a flow  of  the  electric  fluid,  by  the 
alternate  changes  of  heat  and  cold  : and  further,  that 
air  is  not  only  lefs  eleCtric  than  the  Tourmalin , but 
lefs  than  glafs,  and  even  amber. 

Exp.  41.  When  the  Tourmalin  had  received  the 
fame  number  of  blafts  againft  the  plain  fide,  whilft 
my  finger  touched  the  convex  fide,  it  afforded  differ- 
ent appearances;  for  the  plain  fide  was  electrified 
plus , and  the  other  minus.  After  a fhort  time,  both 
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fide s were  plus\  and  Tome  time  after  this  the  j, lone  re- 
covered its  natural  fate , the  plain  fide  being  minus , 
and  the  convex  plus. 

What  appeared  fingular  in  this  experiment,  was, 
that  the  middle  fate  of  the  fone  fhould  be  plus  on  both 
fides.  But  we  no  more  wonder  at  this,  when  we 
confider,  that  there  were  two  caufes  to  produce  thefe 
effects:  the  firft  was  heat,  which  put  the  fone  into 
an  unnatural  fate  (as  JEpinus  had  obferved  be- 
fore) ; for,  upon  cooling,  it  would  recover  its  natu- 
ral fate , and  confequently  afford  different  appear- 
ances. 

But  the  fecond  caufe,  which  electrified  both  fides 
plus  when  the  fone  was  in  an  intermediate  (or,  as 
JEpinus  calls  it,  neutral ) ff  ate,  between  the  two  ex- 
tremes, was,  that  then  the  effeCts  of  the  air  itfelf  took 
place,  and  electrified  both  fides  plus , as  it  had  done 
before  in  the  35-th  experiment. 

Exp.  42.  The  convex  fide  was  now  prefented  to 
the  bellows  in  the  fame  manner,  and  received  an  equal 
number  of  blafts.  In  this  experiment  both fides  were 
plus , but  weaker  than  in  the  laft  experiment ; and, 
after  a time,  the  fone  returned  to  its  natural  fate, 
affording  a plus  and  minus  appearance. 

This  property  in  the  air,  of  electrifying  glafs,  am- 
ber, See.  will,  in  all  probability,  account  for  an  ex- 
periment I met  with  in  France , made  by  M.  Le 
Monnier  *,  who  fhewed  me,  at  St.  Germains  en  Lays , 
two  or  three  long  wires,  which  he  had  fufpended 
horizontally  from  the  palace  to  his  apartment,  above 


* See  the  Memoirs  of  the  Academy  of  Sciences. 
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thirty  feet  From  the  ground  (the  fame  experiment  that 
was  made  by  my  friend  the  Abbe  Mazeas , and  com- 
municated, with  feveral  others,  to  the  Royal  So- 
ciety *),  in  order  to  obferve  the  electric  effects  during 
thunder  ft  or  ms  and  cloudy  weather.  Thefe  wires  he 
frequently  found  electrified  in  a f mall  degree , when 
the  day  was  clear , and  without  the  leaf  appearance  of 
a cloud.  Might  not  this  effeCt  therefore  arife  from 
the  friction  of  the  air  againft  the  wires  ? 

From  confidering  all  thefe  things,  and  what  thefe 
laft  experiments  have  taught  us  concerning  the  dif- 
ferent effects  produced  by  hot  and  cold  air , it  feems 
probable,  that  many  of  the  curious  operations  in  na- 
ture arife  from  a conflant  flux  and  reflux  of  the  elec- 
tric fluid.  And  if  the  obfervation  be  true,  that  air, 
free  from  moifture,  during  tempefts  and  hurricanes 
in  the  night,  frequently  affords  a faint  kind  of  light, 
refembling  what  is  feen  in  an  exhaufted  receiver, 
through  which  the  eleCtric  fluid  is  caufed  to  flow, 
as  alfo  it  occaflons  a more  general  clearnefs  in  the 
heavens,  than  would  appear  were  there  no  fuch  violent 
agitations ; it  is  reafonable  to  imagine,  that  a flux  of 
the  eleCtric  fluid  in  the  air , is  the  caufe  of  fuch  ap- 
pearances ; for  the  fame  reafon  that  our  artificial  blafls 
produced  the  electrical  effects  I have  juft  now  men- 
tioned. 

But  it  remains  to  be  inquired  into,  whether  the 
Tourmalin  is  fo  difpofed  by  nature,  as  to  fuffer  the 
eleCtric  fluid  to  pafs  through  it  only  in  one  direction, 
like  ?nagnetifm  through  the  loadflone , or  is  indifferent 
which  way  it  flows. 


* See  the  Tranfa&ions  of  Ihe  Royal  Society,  Vol.  XLVIII. 
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E xp.  45.  Upon  examining  a 'tourmalin  which  was 
flat  on  both  fldes , and  polifhed , except  upon  its  edges, 
part  of  the  edge  appeared  plus , and  another  part  op- 
poflte  to  it  minus ; io  that  a line,  drawn  from  the  plus 
part  through  the  centre  of  the  (lone  to  the  other  fide, 
would  pafs  through  the  minus  part. 

Exp.  44.  Two  fmaller  tourmalins , that  were  flat 
alfo,  and  polifhed,  like  the  other,  exhibited  the  fame 
appearances. 

Exp.  4f.  Another  tourmalin , which  was  alfo  flat, 
but  itnpolijhed , afforded  a fourth  inftance  of  this 
kind. 

Exp.  46.  The  flrA  of  thefe  tourmalins  was  after- 
wards polifhed , as  well  at  the  edges  as  the  furface;  in 
order  to  fee,  whether  that  would  make  any  alteration; 
but  I found  it  ftill  retained  its  former  electrical  ftate. 

Evp.  47.  I experienced  the  fame  with  another 
tourmalin , which  had  been  rough  likewife. 

Exp.  48.  I then,  with  a little  emery,  made  that 
edge,  which  was  plus , rough  again , preserving  all  the 
reft  fmooth ; but  I could  not  perceive,  that  any  altera- 
tion was  made  by  it.  I did  the  like  with  the  edge  of 
the  other  poliihed  tourmalin , without  being  able  to 
obferve  any  difference. 

Exp.  49.  As  to  the  fmall  tourmalin , that  is  plain 
on  one  fide,  and  a little  convex  on  the  other,  which 
you  oblerved  to  be  a very  good  one,  it  is  plus  on  the 
plain  fide,  and  minus  on  the  convex ; which  is  con- 
trary to  the  large  tourmalin  defcribed  in  the  begin- 
ning of  this  letter. 

Exp.  50.  I had  an  opportunity  of  trying  another 
tourmalin , now  in  the  Britijh  Mufeum , which  af- 
forded another  inftance  of  the  Angular  difpofition  of 
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this  jlone.  The  Tourmalin  I now  fpeak  of,  is  plain  on 
one  fide,  and  concave  on  the  other  j with  a fmall  flat 
border  round  it.  It  was  fquare,  but  one  of  the  cor- 
ners had  been  broken  off.  When  I examined  it,  the 
broken  part  was  plus , and  the  corner  oppofite  to  the 
broken  part  minus : fo  that  here  alfo  the  eledlric  cur- 
rent ran  through  the  hone  in  a diagonal  line. 

Exp.  f i . Every  one  of  thefe  Tourmalins , except 
that  in  the  Britijh  Mufeum , I greafed  all  over,  and, 
w’hilft  they  were  warm  enough  to  preferve  the  greafe 
liquid,  I tried  each  Tounnalin  feparately,  but  found, 
no  alteration  in  the  virtue  of  the  ftone,  except  weak- 
ening it  a little ; though  it  is  well  known,  that  moift- 
ure,  of  any  fort,  readily  conducts  the  eledtric  fluid ; 
and  therefore,  if  the  Tourmalin  had  not  a fixed  kind 
of  eledtricity,  the  plus  and  minus  obferveable  on 
the  two  fides  of  the  flone,  mufl,  by  this  treatment, 
have  united,  and  deftroyed  each  other : the  plus  fide 
parting  with  as  much  of  the  fluid,  as  the  minus , on 
the  other  fide,  wanted,  to  reftore  the  equlibrium. 

Upon  the  whole,  all  thefe  experiments  do  moft 
clearly  prove,  that  the  Tourmalin  Juff'ers  the  electrical 
fluid  to  paj's  through  it  only  in  one  direction,  and  fo 
far  it  bears  fome  analogy  to  the  loadjlone.  And  as  the 
had/lone  lofes  its  virtue  by  being  made  red-hot,  I was 
defirous  to  fee  what  would  be  the  event  in  the  Tour- 
malin under  the  fame  treatment. 

Exp.  52.  I therefore  put  one  of  the  flat  Tourma- 
lins into  a ftrong  fire,  for  half  an  hour ; but  could  not , 
afterwards,  perceive  the  leaf  alteration.  I made  the 
fame  experiment  upon  another  Tourmalin , with  the 
fame  fuccefs. 
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Exf.  53.  Laftly,  I heated  the  done  again,  and, 
whilft  it  was  red-hot,  I threw  it  into  water ; by  which 
treatment  the  virtue  of  the  Tourmalin  was  mtirely  de- 
stroyed, and  it  had  the  appearance  of  being  fhivered 
in  many  parts,  without  breaking. 

IN  regard  to  the  internal  frame  of  the  Tourmalin,, 
we  can  fay  nothing  ; yet  fo  much  I have  learned,  by 
thefe  experiments,  that  there  are  three  different  me- 
thods of  heating  the  Tourmalin , which  produce  dif- 
ferent eledtric  appearances ; that  different  degrees  of 
Wat,  afford  different  appearances ; that  friction  has 
the  fame  effedt  upon  it,  as  upon  glafs ; and  that  the 
Tourmalin , when  it  is  heated  properly,  fufters  a cur- 
rent of  the  eledtric  fluid  to  pafs  through  it  in  one  di- 
rection only  : fo  that  the  Tourmalin  hath,  as  it  were, 
two  electrical  poles , which  are  not  eafy  to  be  deffroyed 
or  altered  ; and  farther,  that  there  is  not  any  fubflance 
in  nature , which  we  are  acquainted  with , that  the 
eleClric  fluid  does  not  readily  pafs  through  ; that  there 
feems  to  be  a conflant  flux  and  reflux  of  it  in  all  bodies , 
as  well  in  the  air  as  in  vacuo,  occafioned  by  the  alter- 
nate changes  of  heat  and  cold  in  every  part  of  this  globe- 
All  which  things  do  very  much  confirm  the  opinion 
I formerly  entertained,  and  attempted  to  prove  by 
experiment,  that  the  eleClric  fluid  is  diflufed  through- 
out the  whole  earth , as  well  as  in  the  air  furrounding 
it  *. 

How  far  this  fW/ing  of  the  eledtric  fluid  may  be 
concerned  in  the  ordinary  operations  of  nature , by 
keeping  up  that  motion,  which  feems  fo  neceffary  in 
the  feveral  parts  of  the  grand  machine , I leave  to  others, 
who  may  be  more  fuccefsful  in  their  lefearches. 


* See  a Treatife  on  Eleadcity,  the  ad  Edit,  by  B.  Wilfon. 
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By  thefe  advances,  we  have  likewife  attained  to  a 
more  certain  knowlege  of  that  medium , which  feems 
to  fur-round  the  Jurfaces  of  all  bodies , and  which, 
being  of  a greater  or  lefs  denfity,  or  exerciflng  (if  I 
may  fo  fay)  a greater  or  lefs  refinance,  produces  dif- 
ferent effects,  as  the  eledtric  fluid  (or  cether , if  you 
pleafe)  pafes  in  and  out  of  bodies , whenever  they  are 
diflurbed  by  any  external  violence  j and,  were  it  not 
for  this  medium  Jurrounding  all  bodies , the  electric 
fluid,  I apprehend,  could  neither  be  accumulated , nor 
detained , in  any  body  whatfoever. 

This  principle  is  very  Ample,  and  feems  to  be  of  a 
very  general  nature.  Our  great  pkilofopher  adopted 
it  from  many  experiments : he  fuppofed,  that  the 
wonderful  phenomena  of  nature , particularly  thofe 
of  light , were  not  to  be  explained  without  it;  and 
therefore  did  not  fcruple  to  propofe  it,  as  a principle, 
to  be  farther  inquired  into. 

I fhall  think  my  time  well  employed,  if,  by  thefe 
inquiries,  I have  at  all  contributed  to  fhew,  how  much 
we  are  indebted  to  this  happy  Interpreter  of  Nature , 
and  have  afforded  frefh  occaflon,  by  the  light  of  his 
labours,  to  admire,  and  adore,  the  firft  caufe  of  all 
things.  But  whatever  may  be  the  fuccefs  of  my  en- 
deavours, they  have  at  lead  been  attended  with  a la- 
tisfadion,  which  not  a little  increafes  that  deflre  I 
have  ever  had  for  purfuits  of  this  kind.  I am. 


S I R, 


Your  moft  obliged  humble  fervant. 


Great  Queen-ftreet,  London, 
Nov.  9th,  1759. 


Benja.  Wilfon. 
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XXXVI.  New  Experiments  and  Obfervations 
concerning  EleElricity  ; by  Robert  Symmer, 
Efq\  F.  R.  S. 

' P A P E R I. 

Of  the  ’Electricity  of  the  human  Body , and  the  Ani- 
mal Subfances,  Silk  and  IVool. 

Read  Feb.  i.T"  had  for  f0me  time  obferved,  that  upon 
I759’  X pulling  off  my  dockings  in  an  evening 
they  frequently  made  a crackling  or  fnapping  noife  ; 
and  in  the  dark  I could  perceive  them  to  emit  fparks 
of  fire.  I made  no  doubt  but  that  this  proceeded 
from  a principle  of  electricity ; and  I was  confirmed 
in  this  opinion,  by  obferving  that,  in  weather  favour- 
able for  eleftrical  experiments,  thofe  appearances  were 
more  remarkable  than  at  other  times.  I mentioned 
this  obfervation  to  feveral  of  my  friends,  and  fome  of 
them  told  me,  they  likewife  had  often  perceived  the 
fnapping,  and  the  emiffion  of  fire  from  their  dock- 
ings upon  pulling  them  off,  efpecially  in  the  winter 
evenings:  but  I could  not  hear  of  any  body  that  had 
taken  this  phenomenon  into  confideration  in  a phi- 
lofophical  way.  For  my  own  part,  I could  not  but 
think  that  fo  driking  an  appearance,  one  that  feems 
to  have  an  immediate  connexion  with  the  human 
body,  or  is  at  lead  as  much  about  us  as  the  cloaths 
we  wear,  and  is  obvious  to  the  perception  of  our 
fenfes,  merited  not  only  a philofophical  attention,  but 
the  drifted  inquiry  podible.  1 was  the  more  in- 
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duced  to  fuch  an  inquiry,  as  it  feemed  to  me  to  open 
a new  path  for  proceeding  in  electrical  refearches, 
and  might  perhaps  throw  new  light  on  the  great  and 
furprifing  difcoveries  already  made  in  that  branch  of 
natural  philofophy.  The  fimplicity  of  the  appara- 
tus, and  the  great  facility  in  making  the  proper  ex- 
periments, putting  it  in  my  power  to  begin  and  carry 
on  my  enquiry  at  pleafure,  I entered  upon  fomewhat 
of  a regular  courfe  of  obfervations  about  the  begin- 
ning of  November  ladj  and  fince  that  time  have 
purfued  it  as  clofely  as  my  leifure,  and  the  weather, 
which  has  been  far  from  favourable  for  electrical  ex- 
periments, would  permit.  It  is  the  purpofe  of  this, 
and  of  thofe  papers  that  may  follow,  to  lay  before 
the  Royal  Society  an  account  of  the  experiments  and 
obfervations  I have  already  made,  or  may  hereafter 
be  able  to  make,  in  the  progrefs  of  this  inquiry. 

My  firft  endeavour  was  to  difcover  what  fort  of 
dockings  was  mod  proper  to  produce  electricity. 
In  order  to  determine  this,  I tried  fingle  dockings  of 
different  kinds,  viz.  thread,  cotton,  filk,  and  worded, 
putting  them  on,  and  wearing  them  fome  time.  On 
pulling  them  off,  I could  perceive  nothing  of  elec- 
tricity in  the  thread  or  cotton,  and  no  remarkable  de- 
gree of  it  in  the  filk  and  worded. 

When  I fay  no  remarkable  degree  of  it , it  may  be 
proper  to  be  a little  more  explicit.  I mud  therefore 
obferve,  that  filk  and  worded,  being  in  themfelves 
electric,  are  both  of  them,  efpecially  filk,  extremely 
fufceptible  of  eledricity.  I have  fometimes  obferved, 
particularly  when  the  weather  was  favourable,  that 
filk,  when  but  barely  handled,  nay,  when  but  lim- 
ply touched,  has  become  electrical  where  it  had  been 
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handled  or  touched,  as  appeared  by  its  attracting  little 
light  balls  fufpended  by  threads.  It  cannot  therefore 
be  fuppofed  that  filk  or  worded  dockings  can  be  put 
upon  the  leg,  without  being  excited  to  a fenfible 
degree  of  eleCtricity.  And  thence  it  is,  that  when 
taken  off  they  are  fometimes  perceived  to  fnap, 
though  worn  fingle.  But  whatever  eleCtricity  the 
fingle  docking  acquires  by  friction  or  otherwife,  it 
immediately  lofes  upon  being  feparated  from  the  leg*, 
if  any  eleCtric  virtue  remains,  it  is  no  more  than  what 
belongs  to  it  as  an  eleCtric  fubdance  ceafing  to  be  ex- 
cited j and  it  is  in  fo  fmall  a degree,  as  in  the  prefent 
cate  not  to  merit  attention.  In  general,  when  I fpeak 
of  the  eleCtricity  in  quedion,  I mean  fuch  a power 
of  eleCtricity  as  is  obvious,  and  perceptible  to  the 
fienfes  ; fo  that  the  docking,  after  being  taken  off, 
fhould  appear  more  or  lei's  inflated ; throw  out  an 
electrical  wind  to  be  felt  by  the  bare  leg ; attraCt  or 
repel  another  docking  vifibly  ; and,  upon  the  touch, 
fnap,  and  emit,  or  receive  eleCtrical  fire. 

After  making  the  experiment  above-mentioned 
with  fingle  dockings,  I proceeded  to  try  the  effeCt  of 
two  dockings  upon  one  leg.  This  I did  with  two 
of  thread,  cotton,  worded,  and  filk  fuccedively;  but 
this  produced  no  eleCtrical  appearance  more  than  be- 
fore. I then  combined  them  one  with  another,  and, 
running  through  all  the  different  changes,  I found 
that  none  of  thofe  I then  made  ufe  of  exhibited  vi- 
fible  proofs  of  eleCtricity,  but  the  filk  and  worded 
together  j and  there,  indeed,  the  eleCtric  power  ap- 
peared remarkably  flrong.  It  feemed  to  be  a matter 
of  indifference  whether  the^filk  or  the  worded  was 
uppermod,  the  combination  of  the  two  was  what  I 
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judged  to  be  effential;  and  happening  at  that  time  to 
wear  filk  flockings  with  thin  worfled  under  them,  I 
kept  to  the  ufe  of  thefe,  and  found  it  a convenient 
circumftance  in  the  courfe  of  my  experiments. 

As  fome  may  have  the  curiofity  to  examine  the 
obfervations  I prefent  them  with,  by  experiments  of 
their  own  making  $ before  I proceed  further,  I fhall 
furnifh  them  with  a few  remarks,  which  may  enable 
them  to  make  their  experiments  with  more  eafe  and 
certainty,  than  if  they  fet  out  unacquainted  with 
fome  circumflances,  which  I have  learnt  from  expe- 
rience. 

One  of  the  firft  things  to  be  attended  to,  is  the 
weather,  which  has  an  influence  on  all  electrical  ex- 
periments, but  upon  none  more  than  thofe  which 
relate  to  this  branch  of  electricity.  The  mod  favour- 
able weather  is  that  which  is  dry  and  clear,  and,  if  a 
little  frofty,  fo  much  the  better.  In  general,  when 
the  quickfilver  in  the  barometer  riles,  and  the  fire 
burns  remarkably  brifk  and  clear,  we  may  expeCt  a 
confiderable  appearance  of  electricity:  at  other  times, 
it  is  better  not  to  attempt  the  experiment. 

When  the  weather  is  favourable,  it  is  not  necef- 
fary  to  wear  the  flockings  all  day:  That,  indeed,  raifes 
the  eleClrical  power  to  the  highefl  degree  ; yet,  pro- 
vided they  be  dry,  and  made  warm  by  the  fire,  be- 
fore they  are  put  upon  the  leg,  their  continuance  upon 
it  for  a very  fhort  time,  prepares  them  fuffi'ciently  for 
exhibiting  vifible  proofs  of  eleClricity.  If  this  fhould 
not  anfwer  upon  the  fir  ft  trial,  the  operation  may  be 
repeated  two  or  three  times,  to  bring  them  into  a 
proper  difpofition  to  receive  the  eleCtrical  virtue;  and 
this  is  no  more  than  what  is  found  to  be  fometimes 
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neceflary  with  refpeCl  to  glafs  globes  and  tubes,  efpe- 
cially  when  new.  If  the  dockings  have  once  acquired 
this  difpofition,  they  retain  it  for  the  day,  or  until  a 
change  of  weather,  and  the  experiment  may  be  re- 
peated with  fuccefs  as  often  as  one  pleafes ; for  no 
fooner  are  they  difcha-rged  of  their  electricity,  than 
they  are  ready  to  receive  it  anewr ; nay,  if  fpeedily 
returned  upon  the  leg,  they  catch  it  indantaneoufly, 
and  may  immediately  be  pulled  off  to  exhibit  a new 
explofion  : what  is  Hill  more  furprifing,  they  feem 
to  gather  force  by  the  frequency  of  the  repetition, 
and,  to  fome  certain  degree,  increafe  in  electrical 
power,  provided  they  be  all  along  kept  warm  and 
dry,  and  that  the  leg  continue  warm. 

Another  cir'cumdance  to  be  carefully  attended  to, 
is  the  manner  in  which  they  are  to  be  taken  off;  for 
as  to  the  putting  of  them  on,  it  is  a matter  of  indif- 
ference how  that  is  performed.  In  taking  them  off, 
care  muft  be  had  not  to  feparate  them ; for  if  that 
happens  in  pulling  them  off,  all  the  electricity  efcapes. 
The  belt  way,  is  to  put  the  hand  between  the  leg  and 
the  dockings,  and  pufh  them  off  together.  Nothing 
more  remains  to  be  done,  than  to  pull  them  afunder; 
for  upon  that,  they  both  of  them  exhibit  a degree  of 
eledtricity,  which,  when  at  the  highed,  is  really  fur- 
prifing. 

Before  I conclude  thefe  occafional  remarks,  it  may 
not  be  improper  to  obferve,  that  it  is  not  abfolutely 
neceffary  that  the  ftockings  be  applied  to  the  bare 
leg;  if  a fine  thread  flocking  feparate  them  from  the 
leg,  though  left  upon  it  when  they  are  taken  off,  it 
does  not  much  impair  their  eleClricity.  But  it  is  more 
..convenient  to  ufe  the  hand  inflead  of  the  leg.  The 
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infertion  of  the  hand  into  the  dockings,  is  alone  dif- 
fident, efpecially  in  favourable  weather,  to  commu- 
nicate fuch  an  elecdric  power,  as  renders  them  capable 
of  anfwering  expectation,  in  fuch  experiments  as  I 

have  had  occafion  to  make  *. 1 now  return  to  my 

fubject. 

The  opinion  I had  conceived,  that  the  combination 
of  filk  and  worded  was  neceflary  for  the  production 
of  electricity,  feemed  to  meet  with  confirmation  from 
all  the  experiments  I made  with  the  (lockings  I then 
wore.  I was  at  that  time  in  mourning,  fo  that  my 
filk  (lockings  were  black,  and  under  them  I cohdant- 
ly  wore  thin  white  worfted.  About  the  latter  end  of 
November  I went  out  of  mourning,  and  of  courfe 
changed  the  colour  of  my  (lockings.  On  the  fecond 
of  December,  having  put  on  a pair  of  white  filk 
above  the  worded,  after  I had  wore  them  fome 
hours,  I refolved  to  amufe  myfelf  with  a few  expe- 
riments. The  weather  was  remarkably  favourable, 
and  I had  reafon  to  expert  a fine  appearance  of  elec- 
tricity : but  upon  taking  off  my  dockings,  and  pull- 
ing them  afunder,  to  my  great  adonidiment,  I found 
they  difcovered  no  figns  of  eletdrical  power;  as  I 


* An  improvement  may  perhaps  be  made  upon  this,  by  getting 
a piece  of  fillc  or  worfted  knit,  or  wove  in  the  flocking  loom,  fo 
that  without  being  cut,  it  may  be  formed  into  the  fhape  of  long  mit- 
tens or  fleeves,  or  rather  into  what  we  might  call  a filk  or  worfted 
tube.  The  reafon  why  it  ought  to  be  knit,  or  wove  in  the  flocking 
loom,  is,  that  -ic  may  better  embrace  the  hand  or  arm  ; and  like- 
wife,  that  it  may  be  more  retentive  of  ele&ric  virtue,  which  would 
efcape  more  eafily  from  a piece  of  filk  or  worfted  wove  in  the  com- 
mon loom,  and  cut  with  a number  of  ends  of  threads  expofed,  than 
from  any  thing  formed  in  the  fafhion  of  chain  work,  and  confifting 
of  one  fingle  thread  of  filk  or  worfted. 
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held  them  in  my  hands  they  hung  down  collapfed, 
and  did  not  more  attract  one  another,  than  before 
they  were  put  upon  my  leg.  I repeated  the  experk 
ment  two  or  three  times,  but  with  no  better  fuccefs. 
An  event  I fo  little  expected,  difconcerted  me  much. 

I faw  I was  no  longer  to  afcribe  electricity  to  the  com- 
bination of  filk  and  worfted;  but  I remained  at  a lofs 
to  know  to  what  I jhould  afcribe  it.  At  laft,  upon 
confidering  the  circumftances  of  this  and  other  expe- 
riments, a conjecture  occurred,  that  the  electricity  in 
queftion  might  depend  upon  the  nature  of  different 
colours.  In  order  to  determine  this,  I thought  it 
faireft  to  make  the  trial  in  the  fame  fubftances.  Ac- 
cordingly I had  recourfe  to  the  following  experiment. 

I took  a pair  of  white  filk  ftockings,  and  having 
warmed  them  at  the  fire  put  them  both  upon  the 
fame  leg.  After  I had  worn  them  about  ten  minutes, 
I took  them  off,  and  pulled  them  alunder,  but  difco- 
vered  no  figns  of  electricity  in  either.  I did  the  fame 
with  a pair  of  black  filk,  but  to  no  other  effect.  I 
then  proceeded  to  the  decifive  trial.  I put  a black 
and  a white  flocking  upon  my  leg,  and  wore  them 
likewife  ten  minutes.  1 waited  with  fome  impatience 
to  fee  the  fuccefs  of  my  experiment,  and  in  return 
had  the  fatisfa&ion  of  obferving,  upon  their  being 
pulled  afunder,  that  each  of  them  had  acquired  a 
ftronger  degree  of  electricity  than  I had  before  feen : 
they  were  inflated  fo  much,  that  each  of  them  fhewed 
the  entire  fhape  of  the  leg,  and  at  the  diflance  of  a. 
foot  and  a half  they  rufhed  to  meet  each  other.  I 
went  through  the  fame  experiment  with  worfled 
ftockings,  and  found  that,  as  in  filk,  nothing  but  the 
combination  of  black  and  white  produced  electricity. 

As 
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As  I had  often  experienced  the  power  of  electricity 
in  the  combination  of  black  filk  with  white  worked 
ftockings,  there  remained  to  try  but  that  of  white  filk 
with  black  worked,  which  anfwered  as  I expeCted, 
and  feemed  to  complete  the  demonftration. 

A phenomenon  fo  new,  and  of  fo  curious  a nature 
as  this  experiment  prefented,  could  not  but  for  fome 
time  engage  my  attention.  I faw,  that  if  this  ap- 
pearance did  not  arife  from  fome  accidental  or  colla- 
teral caufe,  correfpondent  effeCts  would  follow,  upon 
the  combinations  of  the  intermediate  degrees  of  light 
and  fhade,  between  the  extremes  of  white  and  black. 
I have  had  a particular  attention  to  this  in  the  expe- 
riments I have  knee  had  occafion  to  make,  and  fo  far 
as  I have  yet  been  able  to  go,  it  appears  to  anfwer 
my  expectation.  Neverthelefs,  as  this  is  a matter  that 
merits  a more  minute  examination,  we  may  hereafter 
take  it  up  as  an  immediate  objeCt  of  inquiry ; with 
a view  to  determine,  if  light  and  colours  have*  of  their 
own  nature,  a relation  with  eleCtricity,  and  in  what 
that  relation  conliks. 

In  the  mean  while  I (hall  purfue  my  principal  de- 
lign,  which  is  to  invekigate  from  experiments  the  na- 
ture of  that  eleCtric  virtue,  with  which  the  animal 
fubkances  under  conkderation  appear  to  be  endued. 
I have  already  made  fome  progrefs,  farther  than  what 
is  contained  in  this  paper ; and  I fhall  continue  to  fol- 
low the  views  that  feem  naturally  to  open  to  my  in- 
quiry. If  I make  any  difcoveries,  or  come  at  any 
conclukons  that  may  merit  the  attention  of  the  curi- 
ous, they  fhall,  together  with  the  experiments  on 
which  they  depend,  be  fubmitted  to  the  judgment  of 
this  learned  Society. 
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New  Experiments  and  Obfervations  concern- 
ing EleSiricity . 

PAPER  II. 

Of  the  Electricity  of  black  and  white  Silk. 

Read  May  J7,TN  my  former  paper,  I gave  the  Society 
•*-  an  account  of  fome  experiments,  made 
with  filk  and  worfted  ftockings  j by  which  it  ap- 
peared, that  the  remarkable  degree  of  electricity  they 
had  acquired,  by  being  put  upon  the  leg,  depended 
on  their  being  of  different  colours,  namely,  black 
and  white.  I did  not  then,  nor  do  I yet,  take  upon 
me  to  determine  the  caufe  of  this  phenomenon. 
Whether  it  be  owing  to  light,  which  is  the  origin  of 
colours ; or  only  to  the  ingredients,  which  enter  into 
the  compofition  of  the  feveral  dyes  ; or  to  thofe  con- 
junCtly  with  the  colours  they  produce : in  any  of  thefe 
views  the  matter  is  curious,  and  equally  merits  a care- 
ful inquiry. — But  I fear  the  folution  of  this,  and  of 
many  other  difficult  queftions  concerning  electricity, 
will  depend  upon  the  effiablifhment  of  a more  perfect 
theory  than  we  have  yet  attained  to.  Till  we  fhall 
be  fo  fortunate  as  to  difcover  the  nature  and  proper- 
ties of  the  powers  employed  in  thefe  operations,  we 
muft  be  fatisfied  to  purfue  the  path  of  experiment 
and  obfervation,  in  quefl  of  thofe,  as  firft  principles. 
This  is  the  method  I fhall  continue  to  follow ; and 
having  already  fhewn  the  manner  of  electrifying  the 
black  and  the  white  flocking,  it  is  now  my  purpofe 
to  give  an  account  of  the  appearances  and  powers  of 
that  electricity  fo  excited. 
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Having  made  a great  number  of  experiments  fince 
I had  the  honour  of  prefenting  my  former  paper  to 
the  Society,  I have  had  an  opportunity  of  obferving, 
that  the  electricity  produced  between  black  and  white 
filk,  is  ftronger  than  that  between  filk  and  worfted 
of  thofe  different  colours,  and  a great  deal  ftronger 
than  that  between  worfted  and  worfted : the  laft  is 
fo  weak,  except  in  time  of  froft,  or  when  a fharp 
north-eaft  wind  blows,  that  tho’  the  effeCts  are  always 
of  the  fame  nature,  yet  they  are  fometimes  fo  languid 
as  to  be  fcarce  perceptible.  I fhall  therefore,  and  for 
the  fake  of  brevity,  confine  myfelf,  in  this  paper,  to 
what  is  obferveable  with  regard  to  the  electricity  be- 
tween black  and  white  filk. 

It  is  proper  to  mention  another  circumftance : 
having  found  it  troublefome  to  eleCtrify  the  flock- 
ings,  by  putting  them  as  often  on  my  leg  as  was  re- 
quifite  in  making  experiments,  I have  quitted  that 
method  intirely ; and  fatisfy  myfelf  with  the  degree 
of  eledricity  which  is  excited  in  the  ftockings  by 
drawing  them  upon  the  hand  : and  this  is  to  be  un- 
derftood  with  regard  to  all  the  experiments  and  ob- 
fervations  I may  have  occafion  to  mention,  unlefs 
when  otherwife  expreffed.  The  eleClricity  thus  pro- 
duced is  not  equally  powerful  with  that  which  is  ex- 
cited by  means  of  the  leg  ; but  it  is  neverthelefs  fuf- 
ficiently  ftrong  to  anfwer  all  the  purpofes  in  view ; 
and  it  is  attended  with  this  advantage,  that  the 
ftockings  continue  longer  fit  for  thefe  experiments : 
for,  like  other  eleCtrical  aparatus’s,  they  muft  be  kept 
clean,  and  free  from  all  extraneous  matter ; and  are 
therefore  moll  to  be  depended  upon  when  new,  or 
when  newly  wafhed. 

To 
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To  give  a didindt  account  of  the  eledlricity  of  Hack 
and  white  filk,  I (hall  trace  it  through  its  whole  pro- 
cefs,  beginning  before  the  (lockings  of  the  different 
colours  are  put  together. 

After  being  a little  air’d  at  the  fire,  when  the  black 
filk  is  drawn  fingle  upon  the  hand,  a crackling  noife 
is  heard];  and  in  the  dark,  fparks  of  fire  may  be  per- 
ceived as  palling  between  the  hand  and  the  (locking : 
while  it  is  drawn  backwards  and  forwards  the  crack- 
ling continues,  and  is  moll  confiderable  upon  the  fe- 
paration  of  the  (locking  from  the  hand.  Thus  it  ap- 
pears, that  black  filk  is  highly  fufceptible  of  ele&rici- 
ty ; that  it  is  produced  almod  inflantaneoufly,  or  at 
lead  with  very  little  fridlion;  that  mod  of  it  efcapes, 
while  the  docking  is  yet  upon  the  hand ; and  that, 
upon  the  total  feparation,  very  little  remains.  This  is 
fimilar  to  what  happens  with  the  giafs  tube,  when  the 
hand,  after  pading  along  it  in  one  direction,  repafies 
it  in  the  other.  But  dill  the  eledlricity  that  the  dock- 
ing retains,  after  it  is  feparated  from  the  hand,  is  con- 
fiderable enough  to  attract  or  repel  little  light  bodies 
at  the  didance  of  one  or  two  feet;  fome  degree  of 
inflation  in  the  docking  is  likewife  perceiveable ; and 
when  a non-eledlric  is  brought  near  it,  a crackling  is 
heard,  and  in  the  dark  fparks  may  be  feen.  If  two 
black  dockings  be  drawn  upon  the  hand  at  a time, 
the  appearances  are  much  the  fame  as  before ; only 
that  the  dockings,  when  taken  off  and  feparated,  give 
fmaller  proofs  of  eledlricity,  than  if  each  of  them  had 
been  fingle  upon  the  hand. 

Having  found  it  neceffary,  as  I proceeded  in  my 
courfe  of  experiments,  to  fix  upon  fome  method  of 
afeertaining  the  principal  appearances  of  ele&ricity, 

and 
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and  marking  the  degree  of  it,  I had  recourfe  to  the 
little  pocket  electrometer  of  Mr.  Canton’s  contrivance, 
which  is  defcribed  in  Vol.  XLVIII.  N°.  93.  of  the 
TranfaCtions  of  this  Society.  When  this  indrument 
is  fupported  by  glafs,  it  not  only  thews  the  attraction 
and  repulfion,  in  general,  of  electrified  bodies,  which 
is  one  of  the  moll  effential  properties  of  electricity, 
but  it  didinguifhes  between  the  pofitive  and  negative 
date  of  eleCtricity,  according  to  the  reciprocal  attrac- 
tion or  repulfion  of  the  little  balls.  By  the  terms 
pofitive  and  negative , I mean  only  to  denote  the  op- 
pofition  of  the  two  different  dates.  The  particular 
allotment  of  the  one  or  the  other  term  appears  to  me 
to  be  arbitrary ; but  that  I may  not  differ  unneceffa- 
rily  from  others,  I fhall  apply  the  word  pofitive  to 
that  date,  in  which  a body  is  found  to  be,  when 
eleCtrified  by  the  clear  glafs  tube,  rubbed  by  the 
hand;  and  the  word  negative , when  electrified  by 
the  rough  or  opaque  glafs  tube,  of  Mr.  Canton’s  in- 
vention ( defcribed  in  the  Tranfaction  mentioned 
above),  when  rubbed  in  the  fame  manner,  or  by  ful- 
phur  or  wax  excited.  In  other  words,  when  the 
body  is  in  a date  of  repulfion  with  the  former  of  thofe 
tubes,  we  fay  it  is  pofitively  electrified,  and  nega- 
tively when  in  a date  of  repulfion  with  the  latter,  or 
with  fulphur  or  wax. 

Nothing  appears  to  be  more  wonderful  than  this 
double  date : here  eleCtricity  feems  to  counteract  it- 
felf,  the  eleCtrified  body  attracting  in  the  one,  what 
it  would  repel  in  the  other  cafe,  and  vice  verfa.  As 
this  remarkable  property  may  be  traced,  in  its  confe- 
quences,  through  almod  all  eleCtrical  appearances,  I 
cannot  but  think  it  merits  great  attention,  and,  when. 

it 


[ 352  ] 

it  comes  to  be  better  underflood,  may  throw  much 
light  upon  the  fyflem  of  electricity.  However  that 
may  be,  it  was  impoflible  for  me  not  to  obferve,  that 
it  runs  through  the  whole  of  that  branch,  which  I 
have  at  prefent  under  examination,  and  to  which  I 
return. 

White  filk  differs  much  in  electricity  from  black 
lilk.  When  the  white  flocking  is  drawn  feparately 
upon  the  hand,  no  crackling  is  heard,  nor  fparks  of 
fire  feen  in  the  dark,  let  it  be  pulled  backward  and 
forward  ever  fo  often : when  another  white  flocking 
is  drawn  on  above  it,  nothing  more  appears : and, 
when  feparated  from  the  hand,  neither  of  them  dif- 
covers  any  figns  of  electricity,  excepting  that,  when 
brought  within  a few  inches  of  the  electrometer,  they 
attrad  and  repel  the  balls  a little. 

If  inflead  of  two  white  or  two  black  (lockings,  one 
white,  and  over  that,  a black  flocking  be  drawn  up- 
on the  hand,  they  difcover  not  the  leafi  figns  of  elec- 
tricity while  they  continue  upon  the  hand,  even  tho’ 
they  fhould  be  drawn  backwards  and  forwards  upon 
it  feveral  times  ; nor,  when  taken  together  from  the 
hand,  and  prefented  to  the  eleClrometer,  do  they  ap- 
pear to  have  acquired  any  more  than  a very  fmall  de- 
gree of  eleClricity.  They  mufl  be  brought  within 
the  diflance  of  a foot,  nay,  fometimes  of  a few 
inches,  before  they  have  any  effeCt  upon  the  balls  : 
but  the  moment  they  are  feparated,  they  are  found  to 
be  both  of  them  highly  eleCcrified,  the  white  pofi - 
tively , and  the  black  negatively.  The  circum- 
flances,  that  appear  the  mofl  to  merit  obfervation, 
are  as  follow  : 


i 


O 


[ 353  3 

i®. — When  the  electrometer  is  placed  on  a non- 
electric, and  the  black  flocking  is  prefented  to  it  at 
the  diflance  of  3,  4,  or  y feet,  according  as  it  hap- 
pens to  be  more  or  lefs  powerfully  electrified,  the 
balls  begin  to  be  vifibly  attracted,  and  when  it  is 
brought  nearer,  they  are  feen  to  be  agitated  in  a vio- 
lent manner.  If,  inftead  of  the  black,  the  white 
flocking  be  prefented  at  the  fame  diftances,  it  is  found 
to  have  precifely  the  fame  effefts,  attracting  and  agi- 
tating the  balls  in  the  very  fame  manner:  From 
whence  it  appears,  that  whatever  difference  there  was 
between  the  electricity  of  the  black  and  the  white, 
under  other  circumftances,  they  each  of  them  ac- 
quire an  equal  degree  of  electricity,  by  being  elec- 
trified together. 

2°. — When  the  electrometer  is  fupported  by  glals, 
and  the  white  flocking  is  prefented  to  it,  it  fir  ft  at- 
tracts the  balls,  and  afterwards  repels  them ; when 
taken  away,  it  leaves  them  in  a repulfive  flate  with 
regard  to  each  other ; when  brought  back,  it  repels 
them  as  before.  If,  in  place  of  the  white,  the  black 
be  now  prefented,  the  balls  are  immediately  attracted, 
foon  after  again  repelled,  and  left  once  more  in  a re- 
pulfive flate  with  regard  to  each  other.  If  the  white 
be  again  prefented,  the  fame  train  of  effeCls  takes 
place  as  before ; and  fo  on,  alternately,  as  in  the  cafe 
of  the  clear  and  opaque  glafs  tubes,  when  excited  ; 
the  white  Hocking  anfwering  precifely  to  the  clear, 
and  the  black  to  the  opaque  tube,  and  aCting  the  one 
pojitively , the  other  negatively , at  full  as  great  a dis- 
tance, and  as  forcibly,  as  the  tubes. 

3°. — Both  the  flockings,  when  held  at  a diflance 
from  one  another,  appear  inflated  to  fuch  a degree, 
Vol.  LI.  Zz  that. 
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that,  when  highly  eledrified,  they  give  the  intire 
fhape  of  the  leg;  and  when  brought  near  the  face, 
or  any  naked  part  of  the  body,  there  is  a fenfation 
felt,  as  if  a cool  wind  was  blowing  upon  that  part. 
When  the  two  white,  or  the  two  black,  are  held  to- 
gether by  the  extremities,  they  repel  one  another, 
and  form  an  angle,  feemingly  of  30  or  35  degrees. 

40. — When  a white  and  a black  flocking  are  pre- 
fen ted  to  each  other,  they  mutually  attrad,  with  a 
force  anfwerable  to  the  degree  of  eledricity  they  have 
acquired  : when  brought  within  the  diflance  of  three 
feet,  they  ufually  incline  towards  one  another  : within 
two  and  a half,  or  two  feet,  they  catch  hold  of  each 
other ; and  when  brought  nearer,  they  rufli  together 
with  furpriling  violence.  As  they  approach,  their 
inflation  gradually  fubfides ; and  their  attradion  of 
foreign  objeds  diminifhes  : when  they  meet,  they 
flatten,  and  join  as  clofe  together,  as  if  they  were  fo 
many  folds  of  filk  ; and  then  the  balls  of  the  eledro- 
meter  are  not  affeded  at  the  diflance  of  a foot,  nor 
even  of  a few  inches  at  certain  times.  But  what 
appears  mod  extraordinary,  is,  that  when  they  are 
feparated,  and  removed  at  a fufficient  diflance  from 
each  other,  their  eledricity  does  not  appear  to  have 
been  in  the  leafl  impaired  by  the  fhock  they  had  in 
meeting.  They  are  again  inflated,  again  attrad,  and 
repel,  and  are  as  ready  to  rufh  together  as  before  *. 

When 


* The  phenomena,  here  remarked,  of  the  black  flocking  and 
the  white  when  eledrified  ; namely,  that,  as  they  approach  one 
another,  their  attractive  and  repulfive  force  decreases,  with  regard 
to  foreign  objeds,  but  increafes  furpriflngly,  with  regard  to  each 
other , and  that  their  eledricity  fuffers  no  diminution  from  the 
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When  this  experiment  is  performed  with  two  black 
flock ings  in  one  hand,  and  two  white  in  the  other,  it 
exhibits  a very  curious  fpedlacle : The  repulfion  of 
thofe  of  the  fame  colour,  and  the  attraction  of  thofe 
of  different  colours,  throws  them  into  an  agitation 
that  is  not  unentertaining,  and  makes  them  catch  each 
at  that  of  its  oppofite  colour,  at  a greater  diftance  than 
one  would  expedl.  When  allowed  to  come  together, 
they  all  unite  in  one  mafsj  when  feparated,  they  re- 
fume their  former  appearance,  and  admit  of  the  repe- 
tition of  the  experiment  as  often  as  you  pleafe ; till 
their  eledlricity,  gradually  wailing,  Hands  in  need  of 
being  recruited. 

y°. — When  they  are  feparated  from  one  another, 
they  lofe  their  power  very  foon„  much  as  the  excited 
tube  does ; but  when  they  are  together,  they  will  re- 
tain it  for  an  hour  or  two,  and  longer,  when  the  air 
is  in  a flate  favourable  for  eledlricity.  While  they 
are  afunder,  and  any  non-eledtric  is  brought  near 
them ; if  that  non-eledtric  is  of  a broad  furface,  it  is 
with  difficulty  they  are  difcharged  of  their  eledlri- 
city j but  if  the  point  of  any,  efpecially  of  a metallic, 
body,  be  prefented,  they  are  inllantaneoufly  deprived 
of  their  eledlrical  virtue  : but  if  they  be  in  conjunc- 
tion together,  they  retain  their  eledlricity  with  fo 
much  obftinacy,  that  even  the  fharpefl  point  of  me- 
tal cannot  deprive  them  of  it.  In  this,  and  in  fome 


fhock  of  their  congrefs,  appear  to  me  to  be  obfervations  new  in 
eledlricity,  and  to  merit  attention.  They  feem  to  point  out  a re- 
tentive power  of  eledlricity,  which  takes  place  between  eledtrics 
and  eledtrics  only  ; and  which,  I apprehend,  may  be  found  to  be 
the  caufe  of  many  curious  and  fingular  phenomena. 
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other  refpeCts,  there  appears  to  be  fuch  a refemblance 
between  the  Leyden  phial,  or  the  electrical  pane  of 
glafs,  and  the  black  hocking  in  conjunction  with  the 
white,  efpecially  when  the  one  is  within  the  other, 
that  I have  been  induced  to  conlider  them  both  in  the 
fame  light.  In  both  cafes,  the  pojith ve  eleCtricity  is 
on  the  one  fide,  and  the  negative  on  the  other;  and 
the  dockings,  as  well  as  the  phial,  and  the  pane  of 
glafs,  are  at  once  electrified  pojitively  and  negatively. 
In  both  cafes  there  is 'an  accumulation  of  eleCtricity, 
and  a retention  of  it,  fir  beyond  what  is  to  be  met 
with  in  a fimple  body,  eleCtric  or  non*eleCtric.  There 
is,  however,  a very  remarkable  difference  between 
them  in  two  refpeCts.  In  the  phial,  and  in  the  pane 
of  glafs,  an  explofion  is  always  obtained  by  carrying 
on  a communication  between  the  two  fides  by  the  in- 
terpofi tion  of  a non-eleCtric  ; but,  in  the  cafe  of  the 
black  flocking  and  the  white,  I never  yet  have  been 
able  to  procure  an  explofion,  nor  fo  much  as  a fpeedy 
difeharge,  by  any  means  I could  think  of,  while  the 
one  was  within  the  other.  I have  put  one  hand 
within  the  innermoft,  and  with  my  other  have  clafped 
the  outward  flocking ; nay,  I have  thrufl  in  my 
hand,  and  turned  the  dockings  infide  out,  and,  in 
that  condition,  have  dafhed  them  againd  the  floor ; 
and  all  this  without  procuring  the  lead  perceptible 
difeharge.  On  the  other  hand,  the  phial  and  the 
pane  of  glafs  afford  no  opportunity  of  feparating  the 
pofitive  from  the  negative  eleCtricity,  fo  as  to  fhew 
them  intire  and  diflinCt  from  each  other;  whereas 
we  need  only  pull  the  dockings  afunder,  and  then  in 
the  white  we  find  the  pofitive , and  in  the  black  the 
negative  eleCtricity. 

6®. 
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6°. — When  the  ftockings  are  feparated,  and  in  the 
dark,  upon  prefenting  to  them  the  point  of  one’s 
finger,  or  any  fmali  metallic  body,  rounded  at  the 
end.  they  exhibit  the  appearance  of  electrical  fire  or 
light,  according  to  the  negative  or  pvfitive  flate  of  the 
flocking  the  objeCt  is  prefented  to.  With  the  black, 
at  the  diflance  of  two  or  three  inches,  there  appears 
to  dart  from  the  end  of  one’s  finger  a fprig  or  pencil, 
as  it  were,  of  fiery  fparks,  which  dilates  in  its  pro- 
grefs,  and  flrikes  againfl  the  furface  of  the  flocking  : 
at  the  fame  time  a crackling,  or  fnapping  noife,  is 
heard.  When  the  firft  difcharge  is  made,  upon  pre- 
fenting the  finger  to  a frefh  part  of  the  flocking,  the 
fame  phenomenon  is  repeated,  till  you  have  traverfed 
the  whole  length  of  the  flocking,  which,  when  the 
finger  moves  flowly,  ufually  yields  eight  or  ten  dif- 
tindl  difcharges,  before  it  is  divefled  of  its  electricity.. 
With  regard  to  the  white  flocking,  the  fame  appear- 
ances hold ; but  with  this  difference,  that,  inftead  of 
fparks  of  fire  iffuing  from  the  finger,  a little  globule 
of  white  or  blueifh  light  is  feen  at  the  point  of  it  y 
and,  when  the  electricity  is  flrong,  that  little  body  of 
light  feems  to  break  in  an  explofion  between  the 
flocking  and  the  finger  j and  rather  a hiffing  than  a 
crackling  noife  is  heard. 

70. — The  electrical  phial  may  be  charged  by  the 
ftockings,  either  pofitively  or  negatively. , according  as 
the  wire  from  the  neck  of  the  phial  is  prefented  to 
the  white  or  the  black  ; and  in  the  one,  or  the  other 
cafe,  the  hiffing,  or  the  crackling  noife,  is  louder 
than  when  any  common  wire,  or  non-eleCtric  body, 
is  prefented  : but  if  the  electricity  of  the  white  flock- 
ing be  thrown  into  the  phial,  and  upon  that  the 
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electricity  of  the  black,  or  vice  verfa  ; in  that  cafe, 
the  phial  will  not  be  electrified  at  all. 

The  charging  of  the  phial  was  among  the  fird  of 
my  experiments  with  eledtrified  dockings.  By  fome 
trials  I made  in  the  month  of  December  lad,  I found 
it  would  fucceed.  One  frody  evening  in  that  month, 
having  thrown  into  a fmail  phial,  filled  with  quick- 
filver,  the  electricity  of  one  black  docking,  I receiv- 
ed from  the  explodon  a fmart  blow  upon  my  finger. 
With  the  eledtricity  of  two  dockings,  the  blow  reach- 
ed both  my  elbows  3 and,  by  the  means  of  four,  I 
kindled  fpirits  of  wine  in  a tea-fpoon,  which  I held 
in  my  hand,  and,  at  the  fame  time,  I felt  the  blow 
from  my  elbows  to  my  bread.  It  may  not,  however, 
be  improper  to  obferve,  that  the  electricity,  in  this 
cafe,  was  excited  by  means  of  the  leg. 

From  what  hath  been  faid  in  the  preceding  pages, 
it  is  evident,  that  all  the  remarkable  appearances  of 
electricity,  hitherto  difcovered,  may  be  exhibited  by 
a fimple  apparatus  of  black  and  white  lilk.  But  this 
is  not  all : in  the  courfe  of  experiments  above-men- 
tioned, fomething  curious  has  occurred  to  my  obfer- 
vation,  of  which  I do  not  find  that  any  notice  has 
been  taken  by  others.  — What  I mean,  is,  a drong 
cohefion  produced  by  eleCtricity.  But  as  this  paper 
is  already  extended  to  a great  length,  I diall  referve 
the  account  of  eleCtrical  cohefion  for  another,  which 
I fhall  foon  have  the  honour  of  prefenting  to  the 
Society. 
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New  Experiments  and  Obfervations  concern- 
ing EleElricity. 

PAPER  III. 

t 

Of  Electrical  Cohefion. 

Read  June  21,  A Ccording  to  what  I promifed  in  the 
1 759*  conclufion  of  my  laft  paper,  I come 

in  this  to  give  the  Society  an  account  of  cohefion  pro- 
duced by  electricity.  I had  not  made  any  great  pro- 
grefs,  in  the  feries  of  experiments  and  obfervations  I 
have  already  had  the  honour  to  communicate,  before 
I perceived  that  the  black  and  white  docking,  when 
electrified,  and  allowed  to  come  together,  not  only 
joined  extremely  clofe,  but  actually  duck  to  each 
other;  infomuch  that  unlefs  when  weak  in  electrici- 
ty, or  improperly  applied,  I could  make  the  white 
bear  the  weight  of  the  black,  or  the  black  that  of  the 
white,  and  that  for  a confiderable  time.  But  as  the 
weather,  for  fome  months  in  winter,  was  fo  feldom 
favourable  for  eleCtrical  experiments,  that  I had 
fcarcely  opportunities  fufficient  to  fatisfy  myfelf  with 
regard  to  other  points,  I did  not  enter  upon  an  ex- 
amination of  this  phenomenon  experimentally,  till 
about  the  latter  end  of  March.  By  that  time,  I had 
got  ready  the  fcale  of  a balance  properly  fitted  with 
a hook  to  catch  hold  of  the  docking,  a fet  of  Troy- 
weights  I could  depend  upon,  and  an  exaCt  pair  of 
fcales,  to  take  the  precife  weight  of  the  dockings  as 
occafion  fhould  require. 
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By  experience  I found  that  the  fame  pair  of  dock- 
ings did  not  always  do  equally  well,  even  indepen- 
dently of  the  weather  j and  that,  by  being  too  fre- 
quently electrified  at  a time,  their  virtue  appeared  to 
diminidi.  I therefore  judged  it  proper  to  be  provided 
with  changes  of  pairs ; and  that  there  might  be  the 
greater  conformity  between  the  experiments,  I chofe 
them  as  exactly  as  poffible  of  the  fame  fize  and  fub- 
ftance.  The  fort  I fixed  upon,  is  what  is  called  half 
gauze;  the  weight  of  the  white  docking,  at  an  ave- 
rage, 1 8 dwt.  and  io  gr.  but  when  died  black,  i oz. 
and  i dwt.  the  weight  being  increafed,  by  the  dying 
of  that  colour,  above  5 dwt.  in  the  pair.  When  the 
white  and  the  black  docking  were  warmed  at  the  fire, 
fo  as  to  be  prepared  for  ele&ricity,  they  ufually  lod 
about  a twentieth  part  of  their  weight;  fo  that  in  the 
courfe  of  my  experiments  I rate  the  white  at  17 
pwt.  and  I,  and  the  black  at  1 oz.  The  fcale,  with 
the  filk  lines  that  belonged  to  it,  and  the  hook,  was 
adjuded  precifely  to  the  weight  of  1 oz\  and  as  I 
commonly  meafured  the  drength  of  cohefion  by  fix- 
ing the  hook  to  the  black  docking,  and  taking  hold 
of  the  white,  I had  but  to  make  an  allowance  of 
2 oz.  more  than  the  weights  put  into  the  fcale,  fo  as 
to  take  the  precife  weight  the  dockings  could  raife 
by  the  power  of  cohefion. 

I meafured  this  power  two  different  ways;  the  fiift 
whild  the  one  docking  was  dill  within  the  other;  fc- 
condly,  when  feparated,  and  the  one  afterwards  ap- 
plied externally  to  the  other.  In  the  fird  of  thefe 
cafes,  it  may  be  thought  that  an  allowance  diould  be 
made  for  the  friction  in  pulling  the  dockings  afunder  ; 
but  that  appeared  to  me  to  be  very  inconfiderable;  for 
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when  thofe  of  the  fame  colour  were  put  one  within 
the  other,  and  inverted,  they  dropped  afunder  of  them- 
felves ; or  if  there  was  any  intanglement  about  the 
heel,  a little  fhaking  difengaged  and  feparated  them : 
however,  if  it  fhould  be  thought  proper,  the  allow- 
ance of  an  ounce  may  be  made,  by  deducting  fo 
much  from  the  weight  refpeCtively  found. 

I have  but  one  circumftance  more  to  mention,  be- 
fore I proceed  to  give  the  refult  of  my  experiments ; 
which  is,  that  we  muft  not  be  furprifed,  when  we 
find  the  force  of  cohefion  externally,  to  be  in  no  re- 
gular proportion  with  that  within  ; for  when  the 
ftockings  are  highly  electrified,  they  rulh  together 
with  fuch  impetuofity,  that  it  is  extremely  difficult 
to  direCt  their  motion,  and  make  them  meet  in  the 
manner  mofi  advantageous  for  cohefion. 

In  the  experiments  I have  made,  to  meafure  the 
force  of  eleCtrical  cohefion,  I have  always  found  it 
anfwerable,  fo  far  as  I could  judge  from  appearances, 
to  the  degree  of  electricity  at  the  time  excited. 
When  the  ftockings  have  been  but  weakly  electri- 
fied, I have  found  them  unable  to  fupport  the  weight, 
the  one  of  the  other.  When  in  a more  powerful 
ftate  of  electricity,  I have  known  them  to  raife,  re- 
fpeCtively,  from  one  to  twelve  ounces,  and  upwards ; 
nay,  once  I found  the  cohefion  fo  firong  as  to  move 
feventeen  ounces,  including  the  fcale  and  the  black 
flocking.  For  the  fake  of  accuracy,  I fhall  give  a 
particular  account  of  the  refult  of  a few  of  my  mofi; 
remarkable  experiments,  as  I find  them  in  the  notes, 
which  I took  at  the  time  of  making  them. 

The  firft  I find  is  of  the  30th  of  March  ; the 
wind  at  north-eaft  j the  weather  clear,  inclining  to 
V o l.  LI,  A a a froft. 
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froft.  The  white  flocking  within  the  black,  railed 
the  weight  of  1 lb.  1 oz.  6dwt.  j,  half  a pennyweight 
more  feparated  them.  I find  no  note  here  taken  of 
the  weight  born  by  the  ftockings  applied  externally 
to  each  other. 

April  6.  A hazy  and  wet  morning;  but  the 
wind  at  north-eaft.  With  new  ftockings;  the  white, 
being  within  the  black,  raifed  1 1 oz. — without,  6 oz. 
With  another  pair,  that  had  been  much  ufed  in  ex- 
periments; the  white,  within,  raifed  6oz. — without, 
3 °z. 

April  1 6.  A clear  dry  morning ; the  wind  at 
north-eaft;  Fahremheit’s  thermometer  at  48.  Of 
the  new,  the  white  flocking,  within,  raifed  1 lb. 
5 oz. — without,  6 oz.  if  dwt. — Of  the  old,  the 
white  flocking,  within,  raifed  8 oz. — without,  5 oz. 

1 5 dwt. 

The  laft  obfervation  I find  marked,  is  of  the  1 9th 
of  May;  the  weather  clear;  the  wind  at  north-eaft; 
the  thermometer  at  55.  The  white,  within  the 
black,  raifed  10  oz. — and  without,  6 oz. 

It  is  to  be  remarked,  that  by  this  time  I had  got 
the  old  ftockings  wafhed;  and  now  there  appeared 
little  or  no  difference  between  the  power  of  them  and 
of  the  newer  pairs;  though  the  latter  had  ftill  the 
advantage. 

In  making  the  experiments,  it  was  neceffary  to  lofe 
as  little  time  as  poflible,  on  account  of  the  wafte  of 
eledlricity:  I could  therefore  feldom  proceed  to  the 
accuracy  of  fractions  of  a penny  weight;  nor  often 
indeed  of  thofe  of  an  ounce ; and  this  is  the  reafon 
that  my  notes  run  generally  in  round  numbers,  which, 
however,  may  be  depended  upon. 
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The  greateft  weight  I have  been  able  to  raife  by 
the  force  of  electrical  cohefion,  as  appears  above,  has 
been  feventeen  ounces.  Now  the  white  flocking, 
which  weighed  but  17  dwt.  and  an  half,  bore  all  this 
weight:  in  this  cafe  therefore  it  railed,  by  the  ftrength 
of  its  cohefion  with  the  black,  340  pennyweight ; 
that  is,  nearly  twenty  times  its  own  weight  *.  And 
if  we  confider  that  the  force,  applied  to  feparatc  them, 
aCted  in  a direction  parallel  to  the  furfaces,  by  which 
they  cohered;  and  that  when  the  furfaces  are  fmooth, 
a force  aCting  in  fuch  direction,  has  much  greater  in- 
fluence in  feparating  bodies,  by  making  them  Aide 
gently  over  one  another,  than  if  thofe  bodies  were 
rigid,  and  the  force  employed  to  feparate  them  aCted 
in  a direction  perpendicular  to  the  cohering  furfaces  ; 


* As  the  experiments  mentioned  above  were  made  in  the  (pace 
of  fix  or  feven  weeks  from  about  the  latter  end  of  March,  when 
the  temperature  of  the  air  begins  to  be  lefs  favourable  for  eledtrici- 
ty,  I did  not  doubt,  but  upon  the  approach,  and  during  the  progrefs 
of  the  enfuing  winter,  I fhould  meet  with  inftances  of  a ftronger 
degree  of  cohefion,  than  I had  before  been  able  to  afcertain.  Ac- 
cordingly, fince  this  paper  was  read  in  the  Royal  Society,  and  par- 
ticularly in  the  months  of  November,  December,  and  January  laft, 
at  times,  when  the  weather  was  clear  and  frofty,  I found  that  the 
fame  ftockings  lifted  confiderably  more,  than  I had  been  able  to  make 
them  do  in  the  preceding  months  of  March,  April,  and  May.  I 
likewife  found,  that  when  the  ftockings  were  perfe&ly  new,  or  the 
black  dipt  afrefh,  and  the  white  newly  cleaned  and  fulphured,  as 
alfo,  that  when  they  were  of  a more  fubftantial  make,  fuch  as  thofe 
that  are  wove  of  fpun  filk,  weighing  commonly  about  the  double 
of  thofe  that  go  by  the  name  of  half  gauze,  their  power  of  cohe- 
fion, when  favoured  by  the  temperature  of  the  air,  increafes  to  a 
very  confiderable  degree.  Under  thofe  circumftances,  at  particular 
times,  I have  been  able  to  make  the  black  flocking,  or  the  white, 
when  the  rough  fides  of  each  were  put  together,  raife  (the  half 
gauze)  from  20  to  40,  and  (of  fpun  iilk)  from  40  to  90  times  its 
own  weight.  Vide  the  fubfequent  letter  from  Dr.  John  Mitchell 
to  the  Rev.  Dr.  Birch. 
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when  we  confider  this,  I fay,  it  will  be  hard  to  de- 
termine how  great  the  ffrength  of  their  cohefion  may 
be. 

The  experiment  may  be  tried  with  two  plates  of 
glafs,  the  one  electrified  pofitively , the  other  nega- 
tively. As  in  that  cafe  the  principle,  upon  which 
the  cohefion  of  the  white  with  the  black  filk  depends, 
would  take  place,  I make  no  manner  of  doubt  but 
the  effeCt  would  be  the  fame.  I have  not  had  an  op- 
portunity of  trying  the  experiment:  but  I fhould  ex- 
peCt  that  the  two  plates  would  be  found  to  cohere 
with  greater  force,  than  I have  been  able  to  afcertain 
in  the  ftockings ; as  a contrivance  might  be  made  to 
pull  them  afunder  in  a direction  perpendicular  to 
their  cohering  furfaces. 

The  force  with  which  the  black  and  the  white 
flocking  cohere,  is  not  the  only  thing  remarkable  in 
their  junction.  The  folution  of  that  cohefion,  and 
the  different  degrees  of  tenacity,  according  to  differ- 
ent circumftances,  afford  fome  curious  obfervations. 

When  the  black  and  the  white  ltocking  are  in  co- 
hefion with  each  other,  if  another  pair,  more  highly 
electrified,  be  feparated,  and  prefented  to  the  former 
ft  ill  in  conjunction,  the  black  to  the  white,  and  the 
white  to  the  black;  in  that  cafe,  the  cohefion  of  the 
firfi  pair  will  be  diffolved,  and  each  flocking  of  the 
fecond,  will  carry  off  that  of  its  oppofite  colour  ad- 
hering to  it.  If  the  degree  of  electricity  of  both 
pairs  be  equal,  the  cohefion  of  the  firft  pair  will  be 
weakened,  but  not  diffolved  ; and  all  the  four  will 
cohere,  forming  as  it  were  one  mafs.  If  the  fecond 
pair  be  but  weakly  electrified,  the  cohefion  of  the 
firft  pair  with  one  another  will  be  but  little  impair- 
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ed,  and  that  of  the  ftockings  of  the  fecond  with 
thofe  of  the  firft,  will  be  weak  in  proportion.  And 
laftly,  if  the  fecond  pair  be  not  at  all  electrified,  or 
if,  in  their  place,  any  other  body  not  electrified  be 
prefented,  there  will  be  no  effeCt  produced  on  either 
hand. 

White  lilk  and  black,  when  electrified,  not  only 
cohere  with  each  other  in  the  manner  fhewn  above, 
but  when  in  a high  degree  of  electricity,  are  found, 
both  one  and  the  other,  to  adhere  to  bodies  of  broad 
and  even,  or  polifhed  furfaces,  though  thofe  bodies 
be  not  electrified.  This  adhefion  I difcovered  acci- 
dentally. While  I was  about  fome  eleCtrical  expe- 
riments, having,  without  defign,  thrown  a flocking, 
that  was  highly  electrified,  haftily  out  of  my  hand, 

I was  furprifed  to  find  it  fome  time  after,  flicking 
againfl  the  paper-hangings  of  my  room.  This  led 
me  to  make  the  following  experiments. 

I prefented  the  white  and  the  black  filk,  highly 
electrified,  and  in  cohefion  with  each  other,  to  the 
hangings;  but  no  efifeCt  was  produced.  I then  fepa- 
rated  the  black  from  the  white,  and  prefented  them 
fingly ; in  that  cafe  each  of  them  readily  adhered  to 
the  hangings,  which  they  likewife  did  when  flung 
from  a little  diflance,  and  continued  there  for  neat 
an  hour  before  they  dropped.  Having  fluck  up  the 
black  and  the  white,  in  the  manner  above-mention- 
ed, I came  with  another  pair  of  ftockings  highly 
electrified,  and  applying  the  white  to  the  black,  and 
the  black  to  the  white,  I carried  them  off  from  the 
wall  hanging  on  thofe  that  had  been  applied  to  them. 
When  the  fecond  pair  were  electrified,  but  to  a mo- 
derate degree,  on  applying  them)  in  the  manner  above 
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defcribed,  the  former  immediately  quitted  their  hold 
of  the  hangings,  and  dropped  to  the  ground.  The 
fame  experiments  held  with  the  painted  boards  of  the 
room  ; and  likewife  with  the  looking-glafs ; to  the 
laft  of  which,  both  the  black  and  the  white  filk,  ap- 
peared to  adhere  more  tenacioufly,  than  to  either  of 
the  former. 

I am  afraid  I have  prefumed  too  much  on  the  pa- 
tience of  the  Society,  by  giving  fo  full  a detail  of  my 
experiments  and  obfervations,  on  a branch  of  elec- 
tricity, that  takes  its  rife  from  fo  lingular,  and  fo 
mean  a fubjeCt  as  that  of  black  and  white  filk  : But 
however  particular  the  fubjeCt  may  be,  the  properties 
of  electricity  that  are  thence  experimentally  deduced 
are  of  a general  nature,  and  mull  find  a place  in  every 
true  fyftem  of  electricity.  If  any  apology  be  wanted, 
the  belt  I can  make,  is  to  endeavour  to  draw  luch 
inferences  from  the  experiments  above  recited,  as 
may  poflibly  throw  new  light  upon  the  theory  of 
eleCtricity. 

But  left  I fhould  fwell  this  paper  to  too  large  a fize; 
and  as  the  feafon  is  at  hand  when  the  Society  ufually 
adjourns  for  fome  months  j I think  it  beft  to  defer 
any  matter  I may  have  to  offer,  concerning  the  the- 
ory of  eleCtricity,  till  a convenient  time  after  our  next 
meeting.  I fhall  only  beg  leave  at  prefent,  to  men- 
tion one  or  two  things,  which  I have  not  hitherto 
had  a proper  opportunity  of  throwing  out. 

It  hath  been  laid,  that  the  influence  of  colours  in 
eleCtricity  is  no  new  difcovery;  that  Monf.  Du  Fay 
had  treated  at  large  upon  the  fubjeCt;  and,  after  a va- 
riety of  experiments,  had  concluded,  that  colours,  as 
luch,  had  no  effeCt  in  eleCtricity ; but  that  whatever 
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was  remarkable  in  that  way,  was  owing  to  the  change, 
which  the  ingredients  of  the  dye  produced  upon  the 
coloured  body.  I had  not  then  feen  what  Monf.  Du 
Fay  wrote  upon  the  fubjed ; but  as  I have  fince,  I 
fhall  take  the  liberty  to  date  this  matter  fairly. 

The  late  Monf.  Du  Fay,  an  ingenious  member  of 
the  Academy  of  Sciences  at  Paris,  to  whom  we  owe 
fome  valuable  difcoveries  in  eledricity,  gives  an  ac- 
count of  what  is  here  alluded  to,  in  a memoir,  pre- 
fented  in  the  year  1 733.  Eledricity  was  at  that  time 
in  its  infancy  j Mr.  Hawkfbee  had,  but  a little  before, 
publifhed  an  account  of  his  experiments ; which 
brought  fuch  furprifing  appearances  of  eledricity  to 
light,  as  could  not  but  induce  the  curious  to  turn 
their  eyes  upon  that  fubjed.  In  the  courfe  of  thofe 
experiments,  he  had  taken  notice  of  fomething  re- 
markable with  regard  to  colours.  Mr.  Gray  fuc- 
ceeded,  and  having  opened  a new  path,  made  dill 
further  difcoveries  in  eledricity : he  like  wife,  in  giv- 
ing an  account  of  what  he  had  obferved,  hinted  at 
fomething  curious  with  regard  to  colours.  But  nei- 
ther of  them  appear  to  have  come  to  any  determined 
point  in  this  matter.  Monf.  Du  Fay,  who  concur- 
red with  Mr.  Gray,  in  carrying  on  eledrical  difco- 
veries, with  a candour  and  ingenuity  that  did  honour 
to  them  both,  having  entered  upon  an  enquiry  (the 
fubjed  of  the  memoir  above-mentioned)  to  determine 
what  fort  of  bodies  were  mod  fufceptible  of  eledri- 
city, thought  proper,  in  confequence  of  what  had 
fallen  from  Mr.  Hawkfbee  and  Mr.  Gray,  to  exa- 
mine w'hat  effed  the  different  colours  had  in  aug- 
menting or  diminifhing  the  eledricity  of  different 
fubdances. 

Accordingly 
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Accordingly  he  ranged  a number  of  ribbands,  of  all 
the  primitive  colours,  hanging  them  in  the  fame  ver- 
tical plane ; and  to  thefe  he  applied  an  excited  glafs 
tube,  in  an  horizontal  direction. — Upon  this  he  ob- 
ferved,  that  the  black  was  firft  attracted ; and,  as  he 
brought  the  tube  nearer,  the  white  next ; and  the  reft 
fucceffively,  though  not  always  in  the  fame  order. 
He  made  another  experiment,  in  the  fame  view,  with 
gauzes  of  different  colours,  through  which  he  tried 
the  force  of  an  excited  tube,  upon  light  bodies  placed 
at  a proper  diftance  behind  them : and  from  the  re- 
fult  he  was  of  opinion,  there  was  fomething  in  the 
influence  of  colours.  But  having  afterwards  tried 
fome  experiments  with  the  coloured  rays  of  the  fun 
as  refradted  by  a prifm,  with  flowers  of  different  co- 
lours, and  with  white  ribbands  rubbed  over  with  dif- 
ferently coloured  fubftances,  he  began  to  change  his 
opinion.  He  likewife  had  recourfe  to  what  he  calls 
a deciflve  experiment:  he  dipped  his  different-colour- 
ed ribbands  in  water ; and  when  they  were  all  equal- 
ly wetted,  he  applied  his  tube,  and  found  they  were 
all  equally 'attradfed.  From  this  laft-mentioned  ex- 
periment, in  particular,  he  concluded  that  colours,  as 
colours,  had  no  effedt  in  eledlricity ; but  that  all  was 
owing  to  the  ingredients  of  the  dye  imbibed  by  the 
coloured  body. 

It  is  not  my  purpofe  here  to  inquire,  whether 
Monf.  Du  Fay’s  conclufion  is  well  or  ill  founded. 
Whatever  may  be  the  decifion  of  that  point,  I ap- 
prehend the  whole  of  this  affair  hath  very  little  con- 
cern with  what  hath  been  the  fubjedt  of  thefe  papers, 
and  could  have  been  of  little  ufe  to  me,  had  I been 
acquainted  with  it  before. 
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The  feries  of  my  experiments,  however  inconsi- 
derable they  may  prove  in  the  refult,  have  taken  a 
turn  I did  not  at  fir  ft  forefee.  I fet  out  with  inquir- 
ing into  the  nature  of  an  electricity,  that  feemed  to 
have  fome  connexion  with  the  human  body : I had 
made  but  little  progrefs  when  I was  furprifed  with  an 
appearance  of  electricity,  arifing  from  the  contraft  of 
two  colours,  or  coloured  bodies  of  the  fame  fub- 
ftance:  I met  with  it  in  my  experiments,  perpetual- 
ly pofitive  and  negative ; and  under  that  appearance 
have  followed  it  through  a variety  of  its  operations. 
The  notions  it  hath  led  me  to  conceive,  are  different 
from  thofe  I had  before  entertained  of  electricity. 
Such  as  they  are,  they  fhall,  in  due  time,  be  freely 
Submitted  to  the  judgment  of  the  Society. 

Having  been  told  by  one  or  two  of  my  friends,  that 
they  had  tried  fome  of  the  experiments  mentioned  in 
the  preceding  papers,  but  could  not  get  them  to  fuc- 
ceed ; I beg  leave  to  add  a few  words,  before  I con- 
clude, by  way  of  caution  to  any,  who  may  have  a 
curiofity  to  verify  my  experiments. 

However  eafy  it  may  feem  to  be,  to  follow  the  di- 
rections I have  already  given  in  electrifying  the  lock- 
ing, I am  fenfible  from  my  own  experience,  that  an 
attention  to  a number  of  little  circumftances,  befides 
fome  fmall  degree  of  addrefs,  is  requifite,  in  order  to 
make  it  fucceed  readily.  This  is  known  to  have  been 
the  cafe  with  the  eleCtrical  tube  and  globe : few  peo- 
ple, at  firft,  knew  how  to  manage  them  fuccefsfully; 
and  yet  glafs  is  not  fo  much  expofed  to  many  incon- 
veniencies,  that  affeCt  electricity,  as  filk.  To  give 
but  one  inftance  of  this : we  know  that  a very  fmall 
quantity  of  duft,  greafe,  or  any  other  matter  that 
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flicks  to  the  tube,  will  injure  its  electricity : Now 
this  is  what  may  eafily  be  wiped  off  from  glafs ; but 
it  may  be  very  difficult  to  clear  the  filk  of  it,  as  ffik 
is  of  a nature  more  apt  to  imbibe,  and  to  retain  ex- 
traneous matter  than  glafs.  — From  thefe  con  fide  ra- 
tions, I fhould  not  be  furpriied  at  any  perlons  being 
difappointed,  as  to  the  fuccefs  of  their  experiments, 
in  a few  trials;  but  I fhould  think  it  not  fair  for  them 
to  conclude  from  thence,  that  thofe  above-recited  are 
not  to  be  depended  upon  Vet,  if  any  member  of 
the  Society,  who  is  curious  in  thefe  matters,  hath  not 
been  able  to  fatisfy  himfelf  with  regard  to  any  parti- 
cular experiment,  I fhall  think  it  no  trouble  to  ffiew 
him,  at  any  proper  time,  how  it  fucceeds  with  me. 


* The  circumflances  neceflary  to  be  attended  to,  in  order  to 
procure  the  moft  coniiderable  appearance  of  electricity,  are  as  fol- 
low. i°.  That  the  wind  be  in  the  north,  north  eafl,  or  eaft  ; the 
weather  clear  and  frofly,  or  inclining  to  froff.  2°.  That  the  dock- 
ings be  of  filk ; one  of  a good  black,  the  other  of  a clear  white ; 
and  both  of  the  fame  fize  and  fubltance.  30.  That  they  be  new; 
or  be  kept  carefully  wrapt  up  in  paper,  and  only  ufed  in  electrical 
experiments,  40.  And  lafily.  That  they  be  dried  before  the  fire, 
and  warmed  to  about  the  degree  of  heat  of  the  human  body,  before 
they  be  drawn  upon  the  hand  or  leg.  And  when  taken  off,  care 
fhould  be  had  in  feparating  them,  fo  as  to  keep  them  at  a diftance 
from  one’s  clothes,  or  any  thing  that  may  leflen  their  virtue.  1 he 
circumflances  above-mentioned,  might  be  gathered  from  what  has 
been  faid  in  thefe  papers  ; but  I thought  it  not  amifs  to  bring  them 
together  in  this  note. 
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New  Experiments  and  Obfervations  concerning 

Electricity, 

P A P E R IV.  PARTI. 

Of  Two  dftinci  Powers  in  Electricity, 


Read  Dec.  20,' 
1 75  9* 


>T  Obferved,  in  the  papers  I have  already 
had  the  honour  of  communicating  to 
the  Society,  that  the  different  ffate  of  electricity,  as 
diftinguilhed  into pofitive  and  negative , was  a leading 
circumftance  in  all  eleCtrical  appearances  j and  that, 
if  followed  out  with  due  attention,  it  might  bring  us 
to  a clearer  view,  than  we  yet  have  had,  of  the 
powers  that  nature  employs  in  thofe  wonderful  ope- 
rations. Nothing  could  be  more  proper  to  ferve  this 
purpofe,  than  the  fimple  apparatus  I had  all  along 
made  ufe  of.  It  confifted  of  two  eleCtric  bodies,  of 
which,  when  they  were  excited,  one  never  failed  to 
affume  the  politive,  the  other  the  negative  ffate  of 
electricity.  The  obfervations  I had  frequent  oppor- 
tunities of  making,  with  regard  to  the  manner  in 
which  they  aCted,  in  thefe  different  ffates,  on  other 
bodies,  and  on  each  other  reciprocally,  confirmed 
me  in  a notion,  which,  in  the  courfe  of  my  expri- 
ments,  I had  very  early  conceived. 

My  notion  is,  that  the  operations  of  eleClricity  do 
not  depend  upon  one  fingle  politive  power,  according 
to  the  opinion  generally  received ; but  upon  two 
diftinCt,  politive,  and  aCtive  powers,  which,  by  con- 
trailing,  and,  as  it  were,  counteracting  each  other, 
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produce  the  various  phenomena  of  electricity ; and 
that,  when  a body  is  faid  to  be  pofitively  electri- 
fied, it  is  not  fimply  that  it  is  poflefled  of  a larger 
fhare  of  eleCtric  matter  than  in  a natural  ftate;  nor, 
when  it  is  faid  to  be  negatively  electrified,  of  a 
lefs ; but  that,  in  the  former  cafe,  it  is  poflefled  of 
a larger  portion  of  one  of  thofe  aCtive  powers,  and 
in  the  latter,  of  a larger  portion  of  the  other  5 while 
a body,  in  its  natural  date,  remains  uneleCtrified, 
from  an  equal  ballance  of  thofe  two  powers  within 
it. 

I do  not  here  undertake  to  give  a fyftem  of  electri- 
city. It  is  the  defign  of  this  paper  to  propofe  the 
grounds  of  my  opinion,  only  fo  far  as  it  refts  upon 
obfervation  and  experiment.  If  the  proofs  I have  to 
offer  fhall  be  found  conclufive,  and  it  be  allowed,  that 
two  diftinCt  and  counteracting  powers  prevail  in  elec- 
tricity, one  of  them  correfponding  with  the  pofitive, 
and  the  other  with  the  negative  ftate ; in  that  cafe, 
the  truth  thus  eftablifhed,  may  afterwards  be  afliimed 
as  a principle  in  theory  j and  we  may  try  how  far  it 
will  ferve  in  accounting  for  the  various  appearances  of 
electricity.  But  even  then,  I fhould  not  think  of 
troubling  the  Society  with  difcuflions  of  fo  great  a 
length,  and  of  fo  fpeculative  a nature,  as  thofe  ufually 
are  that  relate  to  theory. 

I might  bring  arguments  to  prove  the  exiftence  of 
two  diftinCt  powers  in  eleCtricity,  from  a variety  of 
obfervations  and  experiments,  fome  of  them  taken 
from  among  thofe  mentioned  in  the  preceding  papers: 
But  as  the  bounds  I prefcribe  to  myfelf  in  this,  do  not 
permit  me  to  enter  upon  fo  large  a field,  I fhall  con- 
fine myfelf  to  fuch  obfervations  only,  as  have  fallen 
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within  my  notice,  in  one  particular  branch  of  elec- 
tricity, that  which  relates  to  the  Leyden  phial. 

All  who  allow  of  pofitive  and  negative  electricity, 
know,  that  the  phial,  when  charged,  exhibits  elec- 
tricity in  thofe  two  dates,  the  one  within,  the  other 
on  the  outfide ; and  that  when  a communication  is 
made  between  the  two,  by  the  means  of  a non-elec- 
tric touching  the  coating,  and  at  the  fame  time  ap- 
proaching the  wire,  or  vice  verfa , the  explofion  is 
produced,  and  the  phial  difcharged.  This  reduces 
the  quedion  to  a narrow  compafs ; for  if,  upon  the 
difcharge  of  the  phial,  we  meet  with  proofs  not  only 
of  a power  aCting  from  within  to  the  outfide,  but  alfo 
of  a power  aCting  at  the  fame  inftant  from  the  out- 
lide  to  within,  then,  I think,  we  may  fairly  conclude, 
that  what  is  called  negative  electricity  is,  in  reality,  a 
pofitive  adlive  power;  and  that  eleCtricity,  in  gene- 
ral, confids  not  of  one  alone,  but  of  two  diftinCt, 
pofitive  powers,  aCting  in  contrary  directions,  and 
towards  each  other. 

The  proof  I fliall  offer  firft,  is  founded  on  the  fol- 
lowing experiment.  When  the  phial  is  electrified  but 
a little,  if  we  touch  the  coating  of  it  with  a finger  of 
one  hand,  and  at  the  fame  time  approach  a finger  of 
the  other  hand  to  the  wire,  we  fhall  receive  a pretty 
fmart  blow  upon  the  tip  of  each  of  the  fingers,  the 
fenfation  of  which  reaches  no  farther  : If  the  phial 
be  electrified  a degree  higher,  we  fliall  feel  a ftronger 
blow,  reaching  to  the  wrids,  but  no  farther : When 
again  it  is  electrified  to  a dill  higher  degree,  a feverer 
blow  will  be  received  ; but  will  not  be  felt  beyond  the 
elbows : Ladly,  when  the  phial  is  drongly  charged, 
the  ftroke  may  be  perceived  in  the  wrifts  and  elbows ; 
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but  the  principal  {hock  is  felt  in  the  bread,  as  if  a 
blow  from  each  fide  met  there.  This  plain  and 
fimple  experiment  feems  obvioufly  to  fugged  to  ob- 
fervation,  the  exidence  of  two  didind  powers,  adding 
in  contrary  directions  : And  I believe  it  would  be  held 
as  a fufficient  proof  by  any  who  diould  try  the  expe- 
riment, with  a view  to  determine  the  quedion  limply 
from  their  own  perceptions. 

But  as  I am  fenfible,  that  the  proof  of  any  import- 
ant point  in  philol'ophy,  ought  not  to  depend  upon 
the  perceptions  of  this  or  that  particular  perfon,  I 
judged  it  neceffary  to  have  recourfe  to  experiments, 
the  refult  of  which  might  admit  of  no  ambiguity. 
The  fortunate  difcovery  of  M.  Mufchenbroek  and 
M.  Allamand,  with  the  improvements  that  have  fince 
been  made  upon  it,  puts  it  in  our  power  to  increafe 
eledricity  to  what  degree  we  pleafe.  I did  not  there- 
fore defpair  of  the  means  of  bringing  this  matter  to  a 
fair  decifion.  I exported,  that  if  an  eledrical  droke 
fhould  be  made  to  pals  through  a folid  body,  with  fo 
much  force  as  to  pierce  and  tear  the  fubdance  of  it, 
fuch  marks  would  be  left,  as  might  enable  us,  with 
certainty,  to  trace  the  courfe  of  the  eledrical  power 
in  its  pafiage  through  the  body. 

Having  no  apparatus  of  my  own  capable  of  pro- 
ducing fuch  effeds,  I had  recourfe  to  a worthy  mem- 
ber of  this  Society,  dodor  Franklin,  who  was  pof* 
felled  of  a very  good  one.  I had  communicated  all 
my  obfervations  to  this  gentleman  as  they  occurred, 
and,  in  return,  met  with  an  ingenuity  and  can- 
dour, that  render  him  as  edimable  in  private  life,  as 
the  improvements  he  has  introduced  into  eledricity, 
and  particularly  his  difcovery  in  relation  to  thunder 
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and  lightning,  will  render  his  reputation  lading  in  the 
learned  world.  We  differed  in  opinion  with  regard 
to  the  point  in  queftion ; neverthelefs  I found  him 
ready  to  give  me  all  the  afliffance  in  his  power,  for 
bringing  the  matter  to  a fair  decifion.  I had  feen 
him  pierce  a quire  of  paper  with  a ftroke  of  electri- 
city ; and  as  I perceived  it  had  been  ftruck  feveral 
times  before,  I defired  he  would  give  it  me,  that  I 
might  at  leifure  examine  the  effects  of  the  fundry 
ftrokes. 

When  I came  to  do  fo,  I obferved,  that  at  every 
hole  which  had  been  made  through  the  quire,  the 
upper  and  the  under  leaf  (for  the  quire  had  been  laid 
in  an  horizontal  pofition  when  it  was  ftruck)  were 
ragged  about  the  orifice,  and  thofe  ragged  edges 
pointed  moftly  outwards  from  the  body  of  the  quire. 
But  what  was  more  material ; when  I came  to  turn 
over  the  leaves,  1 found,  that  the  edges  of  the  holes 
were  bent  regularly  two  different  ways  (and  more  re- 
markably fo  about  the  middle  of  the  quire),  one  part 
of  each  hole  upwards,  and  the  other  part  downwards  j 
fo  that,  tracing  any  particular  hole  as  it  traverfed  the 
quire,  I found  on  one  fide  the  fibres  pointed  one  way, 
and  on  the  other  fide  the  other  way ; much  in  fuch  a 
manner,  as  if  the  hole  had  been  made  in  the  quire,  by 
drawing  two  threads  in  contrary  directions  through 
it. 

This  was  not  all : A piece  of  paper,  covered  on  one 
fide  with  Dutch  gilding,  had  been  accidentally  left 
between  two  leaves  in  the  quire,  and  had  been  pierced 
by  two  different  ftrokes.  This  exhibited  a very  re- 
markable appearance : Where  each  of  the  ftrokes  had 
been  given,  the  gold  leaf  was  ftripoed  off,  and  had 

left 
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left  the  paper  bare  for  a little  fpace,  in  an  oblong 
form,  rounded  at  the  ends ; in  which,  at  the  diflance 
of  about  a quarter  of  an  inch  from  each  other,  ap- 
peared two  points,  one  of  them  a little  round  hole, 
the  other  only  an  indent  or  impreffion,  fuch  as  might 
have  been  made  by  the  point  of  a bodkin.  In  the 
leaf,  which  fronted  the  gilding,  two  fuch  points 
like  wife  appeared,  correfponding  to  thofe  above-men- 
tioned ; fo  that  the  hole  in  the  one  was  oppofite  to 
the  impreffion  in  the  other,  but  furrounded  with 
little  black  or  blueiffi  circles.  When  the  hole,  which 
had  been  ftruck  in  the  quire,  was  traced  from  above 
down  to  the  gilding  (for  the  gilt  paper  happened  to 
lie  with  its  gilded  fide  uppermoft),  it  was  found  to 
terminate  on  the  point  in  the  gilt  paper  where  the 
impreffion  appeared,  and  there  the  impreffion  pointed 
downwards.  Again,  when  the  hole  in  the  lower 
part  of  the  quire  was  traced  from  below  upwards,  it 
was  found  to  terminate  on  the  point  in  the  leaf  front- 
ing the  gilding,  where  the  impreffion  was,  and  there 
the  impreffion  pointed  upwards.  The  fadts  above- 
mentioned  feem  to  leave  it  without  doubt,  that  the 
flroke  had  been  given,  at  the  fame  inftant,  upwards 
and  downwards;  but  that  the  eledtrical  power  from 
above,  and  from  below,  had  feized  upon  the  gilding, 
diffipated  part  of  it  in  vapour,  and  by  that  means  be- 
come fo  weak,  that  each  of  them  could  afterwards 
only  make  an  impreffion  upon  the  paper,  marking 
the  refpedtive  directions  of  their  courfe. 

I communicated  thefe  obfervations  to  Dr.  Franklin; 
but  as  no  conclufion  can,  with  certainty,  be  drawn 
but  from  fadts,  confirmed  by  repeated  trials,  I de- 
fired  to  have  the  fatisfadtion  of  making  a few  expe- 
riments 
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riments  with  him  in  relation  to  this  matter ; to  which 
he  readily  confented.  For  that  purpofe  I waited 
upon  him  one  morning  about  the  middle  of  June 
laft ; and  the  better  to  ascertain  what  was  effential  in 
the  fads,  I varied  the  circumftances  a little  from 
thofe  above. 

In  the  middle  of  a paper-book  of  the  thicknefs  of 
a quire,  I put  a flip  of  tin-foil  j and  in  another  of  the 
fame  thicknefs  I put  two  flips  of  the  fame  fort  of  foil, 
including  the  two  middle  leaves  of  the  book  between 
them.  Upon  ftriking  the  two  different  books,  the 
effeds  were  anfwerable  to  what  I expeded.  In  the 
firft,  the  leaves  on  each  fide  of  the  foil  were  pierced, 
while  the  foil  itfelf  remained  unpierced  ; but,  at  the 
fame  time,  I could  perceive  an  impreflion  had  been 
made  on  each  of  its  furfaces,  at  a little  diflance  one 
from  another ; and  fuch  impreflions  were  ftill  more 
viflble  upon  the  paper,  and  might  be  traced  as  point- 
ing different  ways.  In  the  fecond,  all  the  leaves  of 
the  book  were  pierced,  excepting  the  two  that  were 
between  the  flips  of  foil ; and  in  thefe  two,  inftead 
of  holes,  the  two  impreflions,  in  contrary  diredions, 
were  very  viflble. 

I have  lately  got  an  eledrical  apparatus  of  my  own, 
formed  on  the  model  of  that  of  Dr.  Franklin’s,  and 
have  had  opportunity  flnce,  of  making  frequent  repe- 
titions of  the  experiments  above-mentioned.  Not- 
withftanding  fome  little  variation  in  appearances, 
arifing,  as  in  other  eledrical  experiments,  from  the 
particular  ftate  of  the  weather,  the  different  degree 
of  eledricity,  or  other  accidental  circumftances,  I 
have  met  with  nothing  but  what  confirms  me  in  my 
opinion  of  two  diftind  counterading  powers.  All 
Vol.  LI.  C c c the 
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the  remarks  I have  been  able  to  make  in  the  repeti- 
tion of  experiments,  that  need  to  be  added  to  what  I 
had  before  obferved,  may  be  reduced  to  the  three  fol- 
lowing. 

i°.  When  a quire  of  paper,  without  any  thing  be- 
tween the  leaves,  is  pierced  with  a ftroke  of  electricity, 
the  two  different  powers  keep  in  the  fame  trad,  and 
make  but  one  hole  in  their  paffage  through  the  paper: 
not  but  that  the  power  from  above,  or  that  from  be- 
low, fometimes  darts  into  the  paper  at  two  or  more 
fundry  points,  making  fo  many  holes,  which,  how- 
ever, generally  unite  before  they  go  through  the 
paper.  What  I mean  is,  that  I never  yet  could  ob- 
ferve  the  two  powers  to  make  different  holes  in  the 
paper  ; but  that  they  always  keep  the  fame  common 
channel,  rufhing  along  it  with  inconceivable  impe- 
tuofity,  and  in  contrary  directions.  They  feem  to 
pafs  each  other  much  about  the  middle  of  the  quire; 
for  there  the  edges  are  moft  vifibly  bent  different 
ways : whereas  in  the  leaves  near  the  outfide  of  the 
quire,  the  holes  very  often  carry  more  the  appearance 
of  the  paffage  of  a power  iffuing  out,  and  exploding 
into  the  air,  than  of  one  darting  into  the  paper. 

2°.  When  any  thin  metallic  fubfhnce,  fuch  as 
gilt- leaf,  or  tin-foil,  is  put  between  the  leaves  of  the 
quire,  and  the  whole  ftruck  ; in  that  cafe,  the  coun- 
teracting powers  deviate  from  the  direCteft  traCt,  and 
leaving  the  path  they  would  in  common  have  taken 
through  the  paper  only,  make  their  way  in  different 
lines  to  the  metallic  body,  and  ftrike  it  in  two  differ- 
ent points,  diftant  from  one  another  about  a quarter 
of  an  inch,  more  or  lefs  (the  diftance  appearing  to  be 
leaft  when  the  power  is  greateft;)  and  whether  they 
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pierce,  or  only  make  impreffions  upon  it,  in  either 
cafe,  they  leave  evident  marks  of  motion  from  two 
different  parts,  and  in  two  contrary  directions.  It  is 
this  deviation  from  a common  courfe,  and  the  fepa- 
ration  of  the  lines  of  direction  confequent  upon  it, 
that  affords  us  the  ftrongeft  proof,  of  the  exertion  of 
two  diftinCt  and  counteracting  powers. 

3°.  When  two  flips  of  tin-foil  are  put  into  the 
middle  of  the  quire,  including  two  or  more  leaves 
between  them,  if  the  eleCtricity  be  moderately  ftrong, 
the  counteracting  powers  only  ftrike  againft  the  flips, 
and  leave  their  impreffions  there.  When  it  is  ftronger, 
we  generally  find  one  of  the  flips  pierced  ; but  fel- 
dom  both : and  from  what  I have  obferved  in  fuch 
cafes,  it  would  feem  as  if  the  power,  which  iflued 
from  the  outfide  of  the  phial,  aCts  more  ftrongly  than 
that  which  proceeds  from  within ; for  the  lower  flip 
is  moft  commonly  pierced  : But  that  may  be  owing 
to  the  greater  fpace,  the  power  from  within  has  to 
move  through,  before  it  ftrikes  the  paper. 

I take  the  liberty  to  lay  before  the  Society  a paper- 
book,  of  the  thicknefs  of  a quire,  flruck  three  times  in 
the  manner  above  defcribed.  The  firfl  flroke  (A)  is 
given,  when  there  is  nothing  between  the  leaves  of 
the  book.  The  fecond  (B)  when  a piece  of  paper, 
covered  on  one  fide  with  what  is  commonly  called 
Dutch  gilding,  is  laid  in  the  middle.  The  third 
(C),  when  two  flips  of  tin-foil  are  put  into  the  book, 
including  the  two  middle  leaves  between  them. 

The  members,  who  are  curious  in  thefe  matters, 
may,  at  their  leifure,  examine  the  effects  of  the  fun- 
dry  ftrokes ; and  if  any  gentlemen,  in  particular,  de- 
fire the  farther  fatisfaCtion  of  feeing  the  flrokes  given, 
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I fhall  be  very  ready,  at  any  proper  time,  to  comply 
with  their  defire. 
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Of  Two  dijlinSi  Powers  in  Pie  Sir  i city. 
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TH  E notion  of  two  diftind  eledrical 
powers,  ading  in  contrary  diredions, 
may  appear  to  fome  to  be  the  fame  with  that  of  the 
effluence  and  affluence  of  eledrical  matter,  which 
M.  l’Abbe  Nollet  gives  as  the  general  caufe  of  the 
phenomena  of  eledricity  *.  It  may  therefore  be  not 
improper  to  take  a nearer  view  of  thefe  two  opinions, 
to  fee  how  far  they  agree,  and  in  what  they  differ. 

This  ingenious  author,  whofe  merit  in  the  learned 
world  is  very  confiderable,  particularly  with  regard  to 
his  labours  in  eledricity,  had  obferved,  that,  when 
a body  is  eledrified,  a current  of  eledric  fluid  iffues 
from  it,  and,  in  the  form  of  diverging  rays,  fpreads 
through  the  air,  and  enters  into  other  bodies;  and 
that,  at  the  fame  time,  a current  of  eledric  fluid. 


* “ Plus  de  trois  ans  fe  font  ecoules  depuis  que  j’ai  propofe 
“ com  me  la  caufe  generale  des  phenomenes  ele&riques,  l effluence 
“ et  l' affluence  fimultances  d'une  matiere  jiuide , prefente  par  tout , et 
“ capable  de  s' enjlammer  par  le  choc  de  fes  propres  rayons.”  Preface 
to  Recherches  fur  l' eledlricite^  at  the  beginning. 
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iflfuing  from  other  bodies,  pafles  through  the  air, 
and,  in  the  form  of  converging  rays,  enters  into  the 
body  electrified.  From  thence  he  concludes,  that 
a continued,  and  (to  ufe  his  own  terms)  fimulta- 
neous  * effluence  and  affluence  of  a fluid  matter, 
extremely  fubtile,  conftitutes  electricity.  Upon 
this  principle  he  endeavours  to  account  for  all  the 
phenomena  that  attend  the  electrification  of  bo- 
dies. 

What  M.  l’Abbe  Nollet  has  obferved  with  regard 
to  two  contrary  currents  in  electricity,  is  by  no  means 
inconfiftent  with  the  principle  of  two  diftinCt  counter- 
acting powers.  On  the  contrary,  the  exiflence  of  two 
fuch  currents  is,  according  to  my  opinion,  a neceflary 
confequence  of  the  exertion  of  thofe  powers  from  one 
body  upon  another.  It  is  a phenomenon  of  eleCtricity 
only;  not  the  principle  upon  which  all, eleCtrical  ap- 
pearances depend. 

But  a more  eflential  difference  takes  place  between 
this  gentleman’s  opinion  and  mine : he  reprefents  the 
two  currents  as  confifting  but  of  one  and  the  fame 


* « Ces  deux  courans  qui  ont  des  mouvemens  oppofes,  ont  lieu 
“ tous  deux  enfemble,  e’eft  ce  que  j’exprime  par  le  mot  fimul- 
“ tanes.”  Lettres  fur  P eleftricite,  p.  30. 

f “ L’ele&ricite,  comme  je  l’ai  deja  dit  et  prouve  ailleurs,  n’eft 
“ pas  feulment  l’emanation  d’une  matiere  qui  s’elance  du  corps 
il  ele&rise  ; e’eft  auffi  un  remplacement  continuel  qui  fe  fait  de 
“ cette  matiere,  par  une  autre  tout-a-fait  femblable,  qui  fe  porte 
“ de  toutes  parts  au  corps  ele&rise  ; e’eft  pour  ainfi  dire,  un  com- 
“ merce  de  la  matiere  qui  j’ai  nommee  effluente,  et  de  celle  que 
“ j’ai  appellee  affluente.  Si  celle*ci  vient  a manquer,  ou  que  la 
64  premiere  n’ait  plus  la  liberte  de  fortir,  cet  etat  ou  ce  double 
“ mouvementy  que  Ton  nomme  eleftricite,  doit  bien-tot  cefTer.” 
44  EJJai  fur  rdefiridte,  p.  202. 
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fluid  f j admits  but  of  one  kind  of  electricity  || ; and 
maintains,  that  two  bodies  cannot  be  laid  to  be  differ- 
ently electrified,  but  as  they  are  electrified  in  a higher 
or  lower  degree  *.  On  the  other  hand,  it  is  my  opi- 
nion, that  there  are  two  eleCtrical  fluids  (or  emana- 
tions of  two  diftinCt  eleCtrical  powers)  eflentially  dif- 
ferent from  each  other ; that  electricity  does  not  con- 
frit  in  the  efflux  and  afflux  of  thofe  fluids,  but  in  the 
accumulation  of  the  one  or  the  other  in  the  body  elec- 
trified ; or,  in  other  words,  it  confilts  in  the  polfef- 
fion  of  a larger  portion  of  the  one  or  of  the  other 
power,  than  is  requifite  to  maintain  an  even  ballance 
within  the  body;  and,  laftlv,  that  according  as  the 
one  or  the  other  power  prevails,  the  body  is  electri- 
fied in  one  or  in  another  manner. 

In  thofe  refpeCts  we  differ  in  opinion.  Who  is  in 
the  right  is  another  queltion.  The  whole  feems  to 
turn  on  a fingb  point,  namely,  whether  there  be  but 
one,  or  if  there  are  two  diftinCt  kinds  of  electricity. 
The  bounds  of  this  paper  do  not  permit  me  to  enter 
upon  a full  difeuffion  of  the  point.  I cannot,  how- 
ever, but  obferve,  that  the  whole  feries  of  experi- 
ments mentioned  in  the  preceding  papers,  tends  to 
confirm  the  diftinCtion,  formerly  made,  of  electricity 
into  two  kinds ; and  to  Ihew,  that  there  is  an  elfential 
difference  (whatever  it  be  that  conftitutes  that  differ- 
ence) between  what  is  commonly  called  pofitive  elec- 
tricity, and  negative.  A farther  proof  of  that  differ- 
ence arifes  from  the  fuccefs  of  an  experiment,  of 


+ EJJaifur  I’eleftricitt,  p.  160,  161. 

||  Ibid.  p.  118,  119. 

* Lettresfur  I’e'.effricite,  p.  101.  105, 
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which  I threw  out  a hint  in  my  third  paper,  and 
which  I have  iince  taken  an  opportunity  of  making, 
touching  the  electrical  cohefion  of  glafs.  The  experi- 
ment is  as  follows  : 

I took  two  panes  of  common  window-glafs,  about 
nine  inches  fquare,  the  thinned,  the  molt  even,  and 
the  fmootheft  in  their  furfaces  I could  get.  I covered 
one  of  the  fides  of  each  with  tin-foil,  leaving  the  fpace 
of  near  an  inch  from  the  edges  uncovered.  I warmed 
them  a little  at  the  fire ; and,  applying  the  two  bare 
tides  together,  I laid  them  upon  four  wine-glades, 
which  lupported  them  at  the  corners.  I then  brought 
dowm  a chain  from  the  prime  conductor,  nearly  to 
touch  the  coating  of  the  upper  plate,  and  applying  a 
wire,  which  I held  in  my  hand,  to  the  coating  of  the 
under  plate,  the  machine  was  put  in  motion,  and  the 
electrification  performed,  as  in  the  cafe  of  the  com- 
mon eleCtrical  pane.  When  the  operation  was  com- 
pleted, I removed  the  chain  and  the  wire,  and  taking 
hold  of  twooppofite  corners  of  the  upper  glafs  (thofe 
correfponding  to  them  in  the  other  having  been  pur- 
pofely  cut  away,  I lifted  it,  and  found,  that  the  un- 
der glafs  came  up  with  it.  The  cohefion  appeared  to 
me  to  be  confiderably  ftrong ; but  I had  not  any  pro- 
per apparatus  ready  to  meafure  the  ftrength  of  it.  1 laid 
them  down  again  on  the  wine-glaffes,  and  procured 
an  explofion,  as  in  the  cafe  of  the  common  eleCtrical 
pane.  I then  took  hold  of  the  corners  of  the  upper 
glafs,  and  lifted  it ; but  found,  that  the  cohefion  was 
diffolved,  the  under  glafs  remaining  behind. 

I could  indeed  perceive,  that,  after  the  difcharge, 
there  was  fiill  fome  fmall  degree  of  cohefion  between 
the  pfates,  which  felt  as  if  fome  glutinous  fubftance 

had; 
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had  got  feeble  hold  of  them : but  this  was  no  more 
than  what  I found  took  place  between  them,  when, 
without  being  electrified,  they  were  forced  clofe  toge- 
ther. For  that  reafon,  two  plates  of  glafs,  finely 
polifhed,  and  fo  even  as  to  come  into  clofe  contaCt 
through  the  whole  extent  of  their  oppofed  furfaces, 
would  be  very  improper  for  this  experiment}  for, 
when  the  power  of  eleCtricity  had  forced  them  into 
contadt,  the  preffure  of  the  air,  and  a cohefion  pro- 
ceeding from  another  principle,  would  keep  them  to- 
gether. 

But  to  purfuethe  purpofeof  our  experiment. — All 
who  admit  of  the  diftinCtion  of  electricity  into  two 
kinds,  agree,  that  as  in  the  Leyden  phial,  fo  likewife 
in  the  eleCtrical  pane,  the  different  fides  are  differently 
electrified : That  fide,  which  more  immediately  re- 
ceives its  eleCtricity  from  the  glafs  globe,  is  faid  to  be 
politively,  and  the  other  negatively,  electrified.  What 
may  be  faid  of  the  eleCtrical  pane,  is  applicable  to  the 
glafs  plates  in  this  experiment ; for,  when  they  are  put 
together  in  the  manner  mentioned  above,  they  form 
an  eleCtrical  pane  between  them ; one  of  the  plates 
correfponding  with  one  of  the  fides,  and  the  other 
with  the  other  fide  of  the  pane.  When,  therefore, 
the  glafs  plates  are  electrified  in  the  manner  before 
defcribed,  the  plate,  which  receives  its  eleCtricity  im- 
mediately from  the  chain,  will,  according  to  this  di- 
ftinCtion, be  pofitively  electrified,  and  that  which 
receives  its  eleCtricity  from  the  wire,  negatively. 

Upon  thefe  confiderations,  we  may  expeCt,  from 
the  experiment  in  hand,  the  means  of  determining, 
whether  the  diftinCtion  of  eleCtricity  into  two  differ- 
ent kinds  is  merely  nominal,  or  if  there  is  an  effential 
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difference  between  them : For  after  the  glafs  plates 
have  been  electrified  in  one  petition,  fo  as  to  be  inca- 
pable of  receiving  any  more  electricity,  if  they  be  in- 
verted, and  in  that  new  pofition  prefented  to  the 
chain  and  wire,  and  the  globe  again  be  put  in  motion, 
according  as  one  or  other  of  thofe  opinions  holds, 
correfpondent  effeCts  will  follow.  If  the  eleCtricity, 
that  comes  by  the  chain,  be  of  the  fame  nature  with 
that  which  comes  by  the  wire,  no  change  will  be 
produced  upon  the  plates ; for  being  before  full  of 
one  and  the  fame  kind  of  electricity,  they  can  do  no 
more  than  keep  what  they  had,  or  exchange  it  for 
jufi:  as  much  of  the  fame  kind.  But  if,  by  the  chain 
and  the  wire,  two  kinds  of  electricity,  totally  differ- 
ent in  their  nature,  be  conveyed  into  the  refpeCtive 
plates,  in  that  cafe  it  is  to  be  expeCted,  that  the  elec- 
tricity that  each  of  them  had  acquired  in  their  former 
pofition,  will  be  gradually  destroyed,  till  no  figns  of 
electricity  appear  in  either ; after  which,  they  will 
begin  again  to  be  eleftrified,  having  their  eleClricity 
reverfed. 

In  order  to  fee  what  would  really  happen,  I re- 
peated the  experiment  in  the  following  manner:  I 
electrified  the  two  plates  till  they  were  fully  charged, 
and  in  ffrong  cohefion,  the  flapping  from  the  chain 
and  the  wire  having  totally  ceafed.  I then  turned 
them  upon  the  gkfles  that  fupported  them,  applied 
the  chain  and  the  wire  to  the  different  fides,  and  be- 
gan to  eleCtrify  as  before.  The  glafs  globe  was  no 
fooner  in  motion,  than  the  flapping  from  the  chain 
and  the  wire  returned  with  violence ; and  the  plates, 
which,  in  the  former  pofition,  would  receive  no  more 
eleClricity,  appeared,  in  their  new  fituation,  to  receive 
Vo  l.  LI.  D d d it 
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it  both  from  above  and  below,  more  greedily  than 
ever.  As  this  new  electrification  proceeded,  I found, 
by  feveral  trials,  that  the  cohefion  became  gradually 
weaker,  till,  at  a certain  period,  it  was  totally  dif- 
folved ; from  which,  it  began  again  to  be  reftored, 
and  at  laft,  when  the  fnapping  ceafed,  I found  it  to 
be  as  ftrong  as  before. 

I carried  the  experiment  flill  farther : I took  two 
complete  eleCtrical  panes  (that  is,  two  glafs  plates, 
covered  each  on  both  fides  with  tin-foil),  and  laying 
one  upon  the  other,  I applied  the  chain  and  the  wire, 
and  proceeded  to  eleCtrify.  The  electrification  took 
place  throughout ; and  I could  procure  an  explofion 
from  either  of  them  fingle,  or  from  both  together : 
but  however  highly  they  were  electrified,  I never 
could  perceive  the  lead:  appearance  of  cohefion  be- 
tween them.  This  was  agreeable  to  what  I expeCted. 
I judged,  that,  in  confequence  of  two  different  kinds 
of  electricity,  each  of  the  panes  would  be  charged,  on 
its  different  fides,  with  the  different  kinds ; which, 
by  counteracting  one  another  in  the  fame  pane,  would 
reduce  it  to  a neutral  flate  of  electricity,  and  by  that 
means  prevent  the  two  panes  from  aCting  on  each 
other. 

It  is  not  here  my  purpofe  to  account  for  eleCtrical 
cohefion  ; yet  I cannot  but  obferve,  that,  in  this  cafe 
at  leaft,  it  is  obvious,  that  the  cohefion  cannot  be  owing 
to  an  effluence  and  affluence  of  one  and  the  fame  elec- 
trical fluid : For  the  two  plates  being  of  the  fame  fub- 
flance,  and  in  every  refpeCt  alike,  the  effluent  cur- 
rent muft  have  juft  as  great  an  effeCt  in  feparating 
them,  as  the  affluent  can  have  in  bringing  or  keep- 
ing them  together.  The  experiment  above  feems  to 
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make  it  evident,  that  there  are  two  diftinCt  kinds  of 
electricity ; and  the  influence  of  thofe  in  making  the 
plates  cohere,  feems  naturally  to  denote,  in  concur- 
rence with  the  experiments  mentioned  in  the  former 
part  of  this  paper,  two  diftinCt  and  counteracting 
powers,  correfponding  with  the  two  different  kinds 
of  electricity. 

If,  upon  the  whole,  the  arguments  I have  brought 
to  prove  the  exiftence  of  two  diftinCt  powers  in  elec- 
tricity, are  found  to  be  conclufive,  it  may,  perhaps, 
be  expeCted  of  me  to  fay  fomething  of  the  nature  of 
thofe  powers.  Without  entering  into  any  particular 
theory,  or  indulging  myfelf  in  loofe  conjecture,  I fhall 
take  the  liberty  to  offer  a few  confiderations,  fuch  as 
occur  to  me  on  this  occafion. 

All  we  know  of  aCtive  powers,  extends  no  farther 
than  as  we  perceive  them  to  be  effeCts  of  a power 
ftill  more  general  j or  as  we  find  them  producing 
effeCts  according  to  certain  laws.  I have  not  been 
able  to  trace  the  powers  of  eleCtricity  farther  back, 
than  the  obfervations  I have  given  above,  have  led  me. 
I do  not  therefore  take  upon  me  to  determine,  whe- 
ther they  confifl  of  the  finer  parts  of  matter,  confti- 
tuting  an  aCtive  and  elaftic  fluid,  the  elafticity  of  that 
fluid  remaining  ftill  to  be  accounted  for  $ or  if  they 
are  of  a fubftance  yet  more  fubtile  and  aCtive,  of 
which,  however,  we  have  hitherto  been  able  to  form 
no  diftinCt  idea.  Whatever  other  power  they  may  be 
the  immediate  effeCts  of,  or  whatever  be  the  fecret 
and  imperceptible  manner  in  which  they  aCt,  the 
more  interefling  objeCt  of  our  inquiry,  is  to  know  the 
laws  according  to  which  they  aCt,  and  how  far  their 
operations  extend  in  the  material  world, 
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The  fame  oblervations  that  lead  us  to  the  difcovery 
of  any  power,  if  followed  out  with  due  attention, 
may  ferve  to  inftruCt  us  in  the  laws  of  its  action  ; and 
if  we  can  attain  a fufficient  knowlege  of  thofe  laws, 
however  ignorant  we  may  be  of  the  peculiar  manner 
in  which  the  power  exerts  itfelf,  we  may  be,  by  that 
means,  enabled  to  trace  it  through  its  various  opera- 
tions. 

The  laws  of  nature  are  few  and  fimple.  It  is  only 
from  the  variety  of  circumftances,  under  which  the 
refpeCtive  powers  are  exerted,  that  the  phenomena  of 
nature  are  multiplied.  The  powers  of  mechanic  mo- 
tion, thofe  I mean  by  which  bodies  aCt  upon  one  an- 
other in  impulfe  or  preflure,  are  found  to  be  under 
the  direction  but  of  three  general  laws;  and  from 
thence  is  deduced  a moft  extenfive  branch  of  natural 
knowlege. 

The  laws  that  regulate  the  powers,  by  which  bo- 
dies aCt  at  a diftance  upon  one  another,  when  we 
come  to  be  better  acquainted  with  them,  may  be 
found  to  be  not  more  numerous  or  complex.  What 
appears  wonderful  to  us,  is,  that  bodies  fhould  at  all  be 
capable  of  acting  upon  one  another  at  a diftance : But 
are  we  not  equally  ignorant  of  the  manner,  in  which 
the  powers  of  motion  are  exerted,  when  the  bodies 
are  in  actual  congrefs  ? Daily  experience  convinces 
us  of  the  faCt  in  this  cafe  ; and  in  the  other,  repeated 
experiments,  and  frequent  obfervations,  leave  us  little 
room  to  doubt,  that  there  are  powers,  which,  when 
lodged  in  one  body,  are  capable  of  being  exerted 
upon  another  at  a diftance. 

The  powers  of  electricity  are  found  to  be  of  this 
nature.  When  either  of  thofe  powers  prevails  in  a 
7 body. 
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body,  it  exerts  its  influence,  fo  long  as  it  is  lodged 
there,  every  way  around,  and,  by  preflure  or  otherwife, 
^lCts  upon  another  body  within  the  fphere  of  its  in- 
fluence. If  it  meets  with  no  refiftance,  it  enters  this 
other  body,  and  from  this  begins  to  aCt,  as  it  did  from 
the  former.  In  the  mean  while,  the  counteracting 
power  prevailing  in  this  other  body,  the  like  effects 
will  be  produced:  and  thus  thefe  two  bodies,  by 
means  of  their  correfponding  powers,  will  continue 
to  aCt  upon  each  other,  till  their  powers  be  reduced 
to  an  equal  ballance. 

Did  electricity  confifl  but  of  one  power,  after  an 
experimental  inquiry  into  the  laws  according  to  which 
it  aCted,  we  might,  upon  that  principle,  be  able  to 
account  for  the  phenomena  of  electricity..  But  if  two 
diflinCt  and  counteracting  powers  prevail,  as  appears 
to  me  to  be  evident  from  the  preceding  experiments 
and  obfervations,  in  that  cafe,  it  will  be  impoflible  to 
give  a complete  and  confident  theory  of  electricity, 
but  upon  the  principle  of  two  fuch  powers.  Nor  will 
this  principle  be  found,  upon  due  confideration,  to 
difagree  with  the  general  fyflem  of  nature.  It  is  one 
of  the  fundamental  laws  of  nature,  that  aCtion  and 
re-aCtion  are  infeparable  and  equal.  And,  when  we 
look  around,  we  find  that  every  power,  that  is  exerted 
in  the  material  world,  meets  with  a counteracting 
power,  that  controls  and  regulates  its  effeCts,  fo  as 
to  anfwer  the  wife  purpofes  of  Providence. 
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A Letter  to  the  Reverend  Dr . Birch,  Secre- 
tary to  the  Royal  Society , concerning  the 
Force  of  eleElrical  Cohefion . 

S I R, 

Read  Dec.  20.^  Happened  to  be  at  Mr.  Symmer’s  on 
JL  Saturday  the  15-th  inftant,  when  he 
defired  me  to  be  witnefs  to  fome  electrical  experi- 
ments, he  was  about  to  make,  with  filk  (lockings, 
of  a particular  kind,  which  he  had  received  for  that 
purpofe. 

The  weather  was  then  remarkably  favourable  for 
electricity,  being  clear-  and  dry,  with  a (harp  froft, 
which  had  continued  five  or  fix  days.  The  wind 
was  eafterly,  and  had  been  in  that  quarter  for  ten 
days.  It  was  about  noon  when  we  made  our  expe- 
riments ; the  barometer  at  30,  and  Fahrenheit’s  ther- 
mometer at  32. 

The  (lockings  above-mentioned  were  wove  of 
carded  and  fpun  filk,  and  were  more  fubftantial  and 
weighty,  than  thofe  with  which  he  had  made  the  ex- 
periments mentioned  in  his  third  paper.  One  pair 
was  of  a deep  black,  having  been  twice  dyed,  in 
order  to  improve  the  colour.  Another  pair  was  of 
the  natural  colour  of  the  filk,  of  a du(ky  white  j and 
both  new.  The  pair  of  black  weighed  four  ounces, 
eight  pennyweight,  and  four  grains  ; and  the  white 
three  ounces,  eighteen  pennyweight,  and  fifteen 
grains. 

We  began  with  making  a few  experiments  with 
the  thin  (lockings  formerly  made  ufe  of ; and  found 
the  refult  to  be  much  the  fame  with  what  is  related 
9 by 
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by  Mr.  Symmer  in  his  third  paper : that  is,  we  found, 
that  when  the  white  flocking  was  put  within  the 
black,  or  vice  verfd , and  both  highly  electrified, 
taking  hold  of  the  one,  while  a fcale  with  weights 
was  put  to  the  other,  we  could  raife  feventeen  ounces 
before  the  (lockings  feparated. 

We  then  repeated  one  or  two  of  thofe  experiments 
with  fome  little  variation  of  circumflances.  We 
turned  one  of  the  (lockings  infide  out,  and  put  that 
within  the  other : the  inner  or  rough  Tides  of  the 
ftockings  being  thus  together,  by  which  means  they 
took  fader  hold  of  each  other,  we  now  found,  that 
it  required  the  weight  of  twenty  ounces  to  feparate 
them. 

When  the  dockings  were  feparated,  and  applied 
externally  to  each  other,  they  then  raifed  the  weight 
of  ten  ounces  *. 

We 


* Some  time  after  this  letter  of  Dr.  Mitchell’s  had  been  read  in 
the  Society,  as  I was  of  opinion,  that  the  thin  ftockings,  mentioned 
above,  had  loft  much  of  their  electrical  power  ftnee  the  beginning 
. of  April  laft,  when  they  firft  had  been  made  ufe  of  in  experiments, 
and  that  it  was  owing  to  the  peculiar  influence  of  the  weather,  that 
they  raifed  as  great  a weight  now  as  they  had  done  then,  I had 
the  black  new  dyed,  and  the  white  wafhed,  and  afterwards  whit- 
ened in  the  fumes  of  fulphur.  Upon  this,  I found  their  force  very 
much  increafed.  On  the  9th  of  January,  the  weather  being  much 
in  the  fame  ftate  as  it  had  been  the  15th  of  the  preceding  month, 
the  ftockings,  thus  prepared,  and  put  one  within  another,  having 
their  rough  Tides  together,  lifted  no  lefs  than  three  pounds  and  three 
ounces  before  they  feparated.  Dr.  Mitchell  was  like  wife  prefent  at 
this  experiment. 

How  far  the  circumftance  of  fmoking  the  white  flocking  in  the 
fumes  of  fulphur,  might  have  contributed  to  increafe  the  eleCtrical 
power,  is  what  I cannot  take  upon  me  to  fay.  I fhould  think, 
however,  that  it  does  not  much  contribute  to  it ; for  we  find,  by 
the  experiments  in  the  fequel  of  this  letter,  that  the  force  of  cohe- 


[ 392  ] 

We  next  proceeded  to  try  the  force  of  eledlrical 
cohefion,  with  the  ftockings  of  a more  fubftantial 
make  ; viz.  thofe  I have  above  defcribed  ; and  there 
we  found  it  to  be  much  more  confiderable,  as  appears 
by  the  following  experiments. 

i°  When  the  white  flocking  was  put  within  the 
black  (without  either  of  them  being  turned  infide 
out),  fo  that  the  outfide  of  the  white  was  contiguous 
to  the  infide  of  the  black,  they  lifted  nine  pounds, 
wanting  a few  pennyweight.  Now,  taking  the 
weight  of  the  flocking  to  be  one  ounce,  eighteen 
pennyweight,  and  fifteen  grains  (viz.  the  half  of  the 
weight  of  the  pair  as  mentioned  above),  it  follows, 
that,  by  the  force  of  its  cohefion  with  the  black,  it 
raifed  fifty-five  times  its  own  weight. 

20.  When  the  white  was  turned  infide  out,  and 
put  within  the  black,  their  inner  or  rough  fides  being 
contiguous,  they  lifted  -no  lefs  than  fifteen  pounds, 
one  pennyweight  and  a half,  before  they  feparated  : 
So  that,  in  this  cafe,  the  fingle  flocking  raifed  ninety- 
two  times  its  own  weight  •f*. 


fion  is  furprifingly  great  between  the  black  and  the  white  flocking 
of  fpun  filk,  when  ele&rified  : and  yet  I was  allured  by  the  hofier, 
that  the  white  had  never  been  put  into  the  fumes  of  fulphur ; and 
that  the  colour  it  had  was  the  natural  colour  of  the  filk,  no  other 
method  having  been  taken  to  whiten  it,  than  that  of  fcouring  and 
wafhino-. 

O 

f Since  that  time,  I have  not  been  able  to  raife  above  ten  or 
eleven  pounds  with  thefe  ftockings,  even  when  the  weather  has 
been  mod  favourable  ; owing,  perhaps,  to.  my  having  cut  off  all  the 
ends  of  threads,  and  tufts  of  filk,  which  had  been  left  on  the  infide 
©f  the  ftockings ; which  I did  with  a view  of  increafing  the  cohe- 
fion : whereas,  when  the  inner  Tides  of  the  ftockings  were  put 
together,  thofe  ends  of  threads,  and  tufts  of  filk,  by  joining  inti- 
mately with  thofe  of  the  different  colour,  probably  contributed 
piuch  to  produce  that  powerful  cohefion. 
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3°.  When  the  inner  flocking  was  drawn  out,  and 
applied  to  the  outfide  of  the  other,  they  lifted  one 
pound  and  three  quarters  ; that  is,  between  ten  and 
eleven  times  the  weight  of  the  white  flocking  *. 

It  is  not  my  defign  to  draw  any  conclufions  from 
thefe  experiments,  and  much  lefs  to  determine  how 
far  electrical  cohefion  may  ferve,  as  a principle,  to 
to  account  for  many  remarkable  appearances  in  na- 
ture. I relate  the  experiments  I have  been  witnefs  to, 
by  way  of  fupplement  to  Mr.  Symmer’s  third  paper; 
and  I conlider  the  refult  of  them,  only,  as  a farther 
proof  of  the  furprifing  degree,  to  which  a power  in. 
eleCtricity,  which  had  not  before  been  attended  to, 
may  be  carried,  in  even  the  flighted:  fubflances,  thole 
of  white  and  of  black  filk.  I am,  Sir, 

Your  mofl  obedient,  humble  fervant, 

Kew,  December  18,1759.  John  Mitchell* 


* In  the  third  of  thefe  papers  I obferved,  that  {lockings  electri- 
fied, and  applied  to  one  another  externally,  cohered  with  a force 
greater  or  lefs,  according  to  the  manner  in  which  they  joined  in 
contaCl  with  each  other.  This  appears  to  be  the  reafon,  why  the 
ftockings  here  made  ufe  of,  being  much  lefs  pliable  than  the  thinner 
kind,  do  not,  in  external  cohefion,  raife  a weight  fo  great  in  pro- 
portion as  thofe  do.  From  thence  I fancied,  that  if  the  {lockings 
of  fpun  filk  Ihould  be  firft  allowed  to  come  together,  and  after- 
wards be  preffed  clofe  between  one’s  hands,  their  cohefion  externally 
with  one  another  would  thereby  be  much  improved  : Accordingly, 
upon  repeated  trials,  I found,  that  the  white  Hocking,  when  thus 
preffed  to  the  black  in  external  contaCl,  was  capable  of  raifing  be- 
tween three  and  four  pounds;  that  is,  about  twenty-two  times  its 
own  weight. 

I have  taken  the  liberty  to  fubjoin  thefe  few  obfervations,  by  way 
of  notes,  to  Dr.  Mitchell’s  letter,  as  they  relate  to  the  fame  fubjeCl, 
and  contain  matter,  which  has  occurred  fince  his  letter  was  read  in 
the  Society. 

February  ift,  1760.  R-  Symmer. 

Vol  LI.  Eee  XXXVII. 
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XXXVII.  Some  Obfervations  relating  to  the 
Lyncurium  of  the  Ancients  \ by  William 
Watfon,  M.  D.  F.  R.  S. 


Kead  Dec.  2o,/~'jr"^o  determine  the  fubftance,  deno- 
minated Lyncurium  by  the  ancients, 
has  been  the  occafton  of  much  controverfy  among 
the  more  modern  naturalifts ; fome  of  whom,  as 
late  Dr.  Woodward , believed  it  to  be  a lpecies  of  the 
belemnites ; others,  as  the  late  * M.  Geoffrey , conli- 
dered  it  as  amber.  But  it  is  evident  from  Lheopkraf- 
tus’s  defcription  of  the  Lyncurium , which  is  the  mod: 
complete  that  has  been  handed  down  to  us,  that  nei- 
ther the  one  nor  the  other  of  the  before-mentioned 
fubftances  could  be  what  he  intended.  His  words 


are,  Kai  to  A vyxvpiov.  Xj  yocp  Sjc  t«t 8 yAveps'lcti  t cc 
<r(ppa.yi£ icc.  xt  c^epeolaTri,  y,d.Qoc7rep  AiG<^.  tAxei  yelp 

CCTTTS^  TO  riAZKiQQV.  01  d i (pCCCTlV  a JJCQVOV  XCCp(pn  Xj  C,vAov, 

ctAAce  Xj  %ccAxqv  Xj  aiS'vpov,  toev  77  AS7 nos.  denrep  y 
AioxAvs  tAsyev.  'Eti  S's  dia,(pccvri  t£  apodpcc  xj  'uruopet. 

. . . . ylvzloci  de  Xj  xcclepq-cccrict  r is  auln  tctA  eioov.  from 
hence  we  learn,  that  u the  Lyncurium  was  a done 
“ ufed  for  engraving  feals  on:  that  it  was  very  hard: 
“ that  it  was  endowed  with  an  attracting  power  like 
“ amber : and  that  it  was  faid,  and  by  Diocles 
“ among  the  reft,  to  attract  not  only  draws  and 
<c  fmall  pieces  of  wood,  but  alfo  copper  and  iron,  if 
beaten  very  thin : that  it  was  pellucid,  and  of  a 


* Mater.  Med.  Vol.  I.  p.  165.  de  fuccino, 

Idem  et  Lyncurium  quoque  dicitur. 
t Theophraftus  7rsf<  tuv  hiQw, 

11  deep- 
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c£  deep-red  colour  ; and  required  no  fmall  labour  to* 
tc  polifli  it.”  The  reft  of  cTbeophraftus' s defcription 
is  taken  up  with  the  fabulous  account  of  the  genera- 
tion of  this  ftone,  ‘£  that  it  is  formed  by  the  urine  of 
<c  the  lynx,  which  the  animal,  as  foon  as  it  parts 
tc  with  it,  hides,  and  fcrapes  the  earth  together  over 
<c  it;  and  that  the  ftones  vary  according  to  the  fex 
tc  and  difpofition  of  the  animal.” 

Diofcorides  *,  in  his  hiftory  of  the  Lyncurium , 
gives  us  only  the  fabulous  hiftory  of  its  generation, 
before  mentioned  by  Lheophrajius ; and  fubjoins,  that 
it  is  called  by  fome  ' HA exlpou  7r%pvyo<popov ; that  is, 
amber,  which  attracts  feathers  to  it. 

Pliny,  in  his  hiftory  Tj  difbelieves  both  the  fabu- 
lous  account  of  the  generation  of  the  Lyncurium , as 
well  as  its  attractive  quality,  related  both  by  Diocles 
and  Lheophraftus , and  confiders  the  whole  as  a falfity; 
though  he  is  candid  enough  to  confefs,  that  neither 
himfelf,  nor  any  one  elfe  in  that  age,  had  feen  a gem 
of  that  appellation. 

1 Lbeopbraftus , though  more  ancient,  is,  in  moft 
particulars,  more  to  be  depended  upon  than  either 
Diofcorides  or  Fliny.  He  ought  to  be  confidered 
much  more  of  an  original  author,  and  one  who  wrote 
from  his  own  knowlege,  than  the  others,  who,  va- 
luable as  they  are,  muft  be  regarded,  in  moft  refpeCts, 
as  compilers.  His  account,  then,  of  the  appearance 
and  properties  of  the  Lyncurium  muft  be  confidered, 
in  order  to  examine,  if  any  fubftance,  known  in  our 


* Lib.  II.  cap.  c. 

f Plin.  Hift.  lib.  XXXVII.  cap.  iii.  Ego  falfum  id  totum  arbi- 
tor,  nec  vifum  in  aevo  noftro  gemmain  ullam  ea  appellatione. 

E e e 2 time, 
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time,  anfwers  his  defcription.  But,  fil'd,  it  is  plain 
that  Dr.  Woodward's  hypothefis  of  the  belem- 
fiites  being  the  Lyncurium,  was  ill  founded ; inaf- 
much  as  the  belemnites  is  neither  pellucid,  nor  fit 
for  engraving  feals  upon,  on  account  of  the  friability 
of  its  texture ; neither  can  it,  by  any  management, 
be  made  to  attrad  draws,  chips  of  woods,  or  other 
light  bodies.  Nor  is  Geoff r of  s opinion  lefs  liable  to 
exception  j as  amber,  though  it  has  the  attractive 
power  mentioned  by  Theophradus,  yet  it  has  by  no 
means  the  firm  texture  requifite  to  have  feals  engraved 
upon  it ; neither  is  it  fo  very  hard,  as  is  exprefly  faid 
by  this  author  concerning  the  Lyncurium,  as  to  re- 
quire great  labour  in  polifhing  it.  Add  to  thefe,  that 
‘ Theophraftus  has  given  a particular  account  of  the 
hi  dory  and  properties  of  amber  * feparately,  in  the 
before-mentioned  work. 

If,  after  what  has  been  faid,  I may  be  permitted 
to  give  my  thoughts  concerning  the  Lyncurium  of  the 
ancients,  I make  no  fcruple  to  think  it  to  be  exceed- 
ingly probable,  that  what  we  now  call  the  Tourma- 
line was  the  Lyncurium  of  Theophradus,  as  it  agrees 
with  that  author's  defcription  in  all  its  fenfible  qua- 
lities ; to  wit,  that  it  is  a very  hard  pellucid  done,  of 
a deep-red  colour ; that  it  is  very  proper  to  engrave 
feals  upon  ; that  it  attrads,  like  amber,  not  only 
draws  and  light  pieces  of  wood,  but  filings  of  iron 
and  brafs,  as  has  been  lately  evinced  by  many  expe- 
riments. And  what  will  give  fome  weight  to  this 


* Vide  Theophraft.  Trspi  ray  ktQay.  vy.  ^ ^ , t 

Kell  TO  ijASK.'rpoj/  Ai0of.  K)  yap  op v/joy  to  TTSfi  A lyvriMV.  Ta  cova.v  >1 

TK  iklitv  S'Ovcty.li  UKOkdjilV. 
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opinion  is,  that  this  hone,  though  not  much  attended 
to  by  us  till  very  lately,  is  very  common  in  feveral 
parts  of  the  Eah  Indies,  and  more  particularly  in  the 
illand  of  Ceylon,  where  it  is  called  by  the  natives 
Tournamal. 

The  firh  account  which  we  have  had,  of  late  years 
at  leah,  of  this  extraordinary  hone,  was  in  the  Hi- 
flory  of  the  Royal  Academy  of  Sciences  of  Paris,  for 
the  year  17175  where  we  are  told,  that  Mr.  Lemery 
exhibited  a hone,  which,  he  faid,  was  not  common, 
and  came  from  Ceylon.  This  hone  attracted  and 
repelled  little  light  bodies,  fuch  as  afhes,  filings  of 
iron,  bits  of  paper,  and  fuch  like.  The  publifher  of 
that  hihory  then  proceeds  to  give  fome  rcafons  for 
thefe  phenomena.  Linnaus , in  his  preface  to  the 
Flora  Zeylanica , mentions  this  hone  under  the  name 
of  lapis  eleffiricus ; and  takes  notice  of  M.  Lemery’s 
experiments  before-mentioned. 

Notwithhanding  this,  no  further  mention  was  made 
of  this  hone,  and  its  effe&s,  till  very  lately.  The 
duke  de  Noya , in  his  letter  to  M.  de  Buffon,  which 
was  prefented  to  the  Royal  Society  a few  months 
ago,  informs  us,  that  when  at  Naples  in  the  year 
1743,  the  late  count  Pichetti,  fecretary  to  the  king, 
affured  him,  that,  during  his  hay  at  Conhantinople, 
he  had  feen  a fmall  hone,  called  a tourmaline,  which 
attracted  and  repelled  afhes.  This  account  the  duke 
de  Noya  had  quite  forgot ; but,  being  lah  year  in 
Holland,  he  faw  and  purchafed  two  of  thefe  hones, 
which  are  there  called  afchentrikker . The  making 
experiments  with  thefe  called  to  his  remembrance 
what  formerly  had  been  told  him  by  count  Pichetti . 
With  thefe  hones  he  made,  in  company  with  Mef- 

fieurs 
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fieurs  Daubentdn  and  Adanfon , a great  number  of 
experiments,  of  which  the  duke  has  favoured  the 
public  with  a particular  account. 

In  the  year  1757,  there  were  two  accounts  pub- 
lifhed  upon  this  fubjedt:  the  one  is  a memoir  of  M. 
iEpinus,  read  to  the  Royal  Academy  at  Berlin,  in- 
tituled, De  quibufdam  experimentis  eleffricis  notabi- 
lioribus.  The  other  is  a treatife  in  quarto,  printed 
at  Roflock,  intituled,  Difputatio  de  eleflricitatibus 
contrarih.  Auclore  Joa?ine  Carolo  Wilke.  Since 
which  time,  Dr.  Heberden,  who  is  ever  delirous  of' 
extending  the  bounds  of  icience,  having  procured 
fome  of  thefe  Hones  from  Holland,  a great  number 
and  variety  of  experiments  with  them  have  been  made 
here,  particularly  by  the  ingenious  Mr.  Wilfon ; an 
account  of  which  he  has  very  lately  communicated 
to  the  Royal  Society. 


XXXVIII.  An  Attempt  to  account  for  the  re- 
gular diurnal  V ariation  of  the  horizontal 
magnetic  Needle ; and  alfo  for  its  irregular 
Variation  at  the  Finie  of  an  Aurora  Borea- 
lis : By  John  Canton,  M.  A.  and  F.  R.  S. 

Read  Dec.  1 3,  f | ^HE  late  celebrated  Mr.  George 
1759  Jl  Graham  made  a great  number  of 
obfervations  on  the  diurnal  variation  of  the  magne- 
tic needle,  in  the  years  1722  and  1723  j but  declared 
himfelf  ignorant  of  the  caufe  of  that  variation,  in 
N°  3 S3  of  the  Philofophical  Tranfadtions,  where 
many  of  thofe  obfervations  are  to  be  found.  About 
2 the 
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the  year  1750,  Mr.  Wargentin,  fecretary  of  the  Royal 
Academy  of  Sciences  in  Sweden,  took  notice,  both 
of  the  regular  diurnal  variation  of  the  needle,  and  alfo 
of  its  being  difturbed  at  the  time  of  an  aurora  borea- 
lis, as  recorded  in  the  47th  volume  of  the  Pbilofo- 
phical  Tranfadtions  ; but  is  filent  as  to  the  caufe.  I 
had  n*o  opportunity  of  making  obfervations  of  this  fort 
myfelf,  till  the  latter  end  of  the  year  17-76;  but, 
lince  that  time,  I have  made  near  four  thoufand, 
with  an  excellent  variation-compafs,  of  about  nine 
inches  in  diameter.  The  number  of  days,  on  which 
thefe  obfervations  were  taken,  is  603  ; and  the  diur- 
nal variation  on  574  of  them  was  regular ; that  is, 
the  abfolute  variation  of  the  needle  weftward,  was  in- 
creafing  from  about  eight  or  nine  o’clock  in  the  morn- 
ing, till  about  one  or  two  in  the  afternoon,  when  the 
needle  became  flationary  for  fome  time;  after  that, 
the  abfolute  variation  weftward  was  decreafing , and 
the  needle  came  back  again  to  its  former  fituation,  or 
near  it,  in  the  night,  or  by  the  next  morning.  The 
diurnal  variation  is  irregular , when  the  needle  moves- 
llowly  eaftward  in  the  latter  part  of  the  morning,  or 
weftward  in  the  latter  part  of  the  afternoon ; alfo 
when  it  moves  much  either  way  after  night,  or  fud- 
denly  both  ways  within  a fhort  time.  Thefe  irregu- 
larities feldom  happen  more  than  once  or  twice  in  a 
month,  and  are  always  accompanied  (fo  far  as  I have 
been  able  to  obferve)  with  an  aurora  borealis.  Thus 
having  explained  what  I mean  by  the  regular  and  ir- 
regular diurnal  variation,  and  fhewn,  that  this  varia- 
tion is  generally  regular;  I fhall  now,  in  the  firft 
place,  endeavour  to  account  experimentally  for  the 
regular  variation ; then  offer  a conjecture  concerning 
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the  caufe  of  the  irregular  variation  ; and,  laftly,  at- 
tempt to  make  it  appear  probable,  that  the  aurora 
borealis  arifes  from  the  fame  caufe. 

The  attractive  power  of  the  magnet,  (whether  na- 
tural, or  artificial)  will  decreaje  while  the  magnet  is 
heating , and  increafe  while  it  is  cooling ; as  will  ap- 
pear by  the  following  experiments. 

Experiment  i.  About  E.  N.  E.  from  a compafs,  a 
little  more  than  three  inches  in  diameter,  I placed  a 
linall  magnet  two  inches  long,  half  an  inch  broad, 
and  three- twentieths  of  an  inch  thick,  parallel  to  the 
magnetic  meridian ; and  at  fuch  a diftance,  that  the 
power  of  the  fouth  end  of  the  magnet  was  but  juft 
iufficient  to  keep  the  north  end  of  the  needle  to  the 
N.  E.  point,  or  to  4y  degrees.  The  magnet  being 
covered  by  a brafs  weight  of  fixteen  ounces,  about 
two  ounces  of  boiling  water  was  poured  into  it,  by 
which  means  the  magnet  was  gradually  heating  for 
feven  or  eight  minutes ; and  during  that  time,  the 
needle  moved  about  three  quarters  of  a degree  weft- 
ward,  and  became  ftationary  at  440  i ; in  nine  mi- 
nutes more,  it  came  back  a quarter  of  a degree,  or  to 
440  i but  was  fome  hours  before  it  gained  its  for- 
mer lituation,  and  flood  at  45°.  A LB.  I he  greater 
the  power  of  the  fame  magnet,  the  more  it  will  lofe 
in  a given  degree  of  heat. 

Exp.  2.  On  each  fide  of  the  compafs,  and  parallel 
to  the  magnetic  meridian,  I placed  a flrong  magnet 
of  the  fize  above-mentioned  ; fo  that  the  fouth  ends 
of  both  the  magnets  added  equally  on  the  north  end 
of  the  needle,  and  kept  it  in  the  magnetic  meridian ; 
but  if  either  of  the  magnets  was  removed,  the  needle 
was  attracted  by  the  other,  fo  as  to  hand  at  45  de- 
grees. 
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grees.  The  magnets  were  both  covered  with  brafs 
weights  of  fixteen  ounces  each.  Into  the  eaftern  weight 
I poured  about  two  ounces  of  boiling  water  j and  the 
needle  in  one  minute  moved  half  a degree,  and  con- 
tinued moving  weftward  for  about  feven  minutes, 
when  it  arrived  at  2°  f.  It  was  then  ftationary  for 
fome  time ; but,  in  twenty-four  minutes  from  the 
beginning,  it  came  back  to  2°  {,  and  in  fifty  minutes 
to  2°  i.  I then  filled  the  weftern  weight  with  boil- 
ing water,  and  in  one  minute,  the  needle  came 
back  to  i°  f j in  fix  minutes  more,  it  flood  half  a 
degree  eaftward ; and  after  that,  in  about  forty  mi- 
nutes, it  returned  to  the  magnetic  north,  or  its  firft 
iituation. 

It  is  evident,  that  the  magnetic  parts  of  the  earth 
in  the  north  on  the  eaft  fide,  and  the  magnetic  parts 
of  the  earth  in  the  north  on  the  weft  fide  of  themag- 
netic  meridian,  equally  attract  the  north  end  of  the 
needle.  If  then  the  eaftern  magnetic  parts  are  heated 
falter  by  the  fun  in  the  morning,  than  the  weftern, 
the  needle  will  move  weftward,  and  the  abfolute  var- 
riation  will  increafe  ; when  the  attracting  parts  of  the 
earth  on  each  fide  the  magnetic  meridian  have  their 
heat  increafing  equally,  the  needle  will  be  ftationary, 
and  the  abfolute  variation  will  then  be  greateft ; but, 
when  the  weftern  magnetic  parts  are  either  heating 
fafter,  or  cooling  flower  than  the  eaftern,  the  needle 
will  move  eaftward,  or  the  abfolute  variation  will  de- 
creafe ; and  when  the  eaftern  and  weftern  magnetic 
parts  are  cooling  equally  faft,  the  needle  will  again 
be  ftationary,  and  the  abfolute  variation  will  then  be 
leaft.  This  may  be  ftill  further  illuftrated,  by  placing 
the  compafs  and  two  magnets,  as  in  the  laft  experi- 
Vo  l.  LI.  F f f ment, 
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ment,  behind  a fcreen  near  the  middle  of  the  day  in 
fummer  ; then,  if  the  fcreen  be  fo  moved,  that  the 
fun  may  fhine  only  on  the  eaftern  magnet,  the  needle 
will  fenfibly  vary  in  its  direction,  and  move  towards 
the  weft  ; and  if  the  eaftern  magnet  be  fhaded,  while 
the  fun  fhines  on  the  weftern,  the  needle  will  move 
the  contrary  way.  By  this  theory,  the  diurnal  varia- 
tion in  the  fummer  ought  to  exceed  that  in  the  win- 
ter ; and  I accordingly  find  by  obfervation,  that  the 
diurnal  variation  in  the  months  of  June  and  July,  is 
almoft  double  that  of  December  and  January. 

The  irregular  diurnal  variation  muft  arife  from  fome 
other  caufe  than  that  of  heat  communicated  by  the 
fun ; and  here  I muft  have  recourfe  to  fubterranean  heat, 
which  is  generated  without  any  regularity  as  to  time, 
and  which  will,  when  it  happens  in  the  north,  affedt 
the  attractive  power  of  the  magnetic  parts  of  the  earth 
on  the  north  end  of  the  needle.  The  reverend  Dr. 
Hales  has  a good  obfervation  on  this  heat,  in  the 
Appendix  to  the  fecond  volume  of  his  Statical  Eftays, 
which  I fhall  here  tranfcribe.  “ That  the  warmth  of 
“ the  earth,  at  fome  depth  under-ground,  has  an 
u influence  in  promoting  a thaw,  as  well  as  the 
<c  change  of  the  weather  from  a freezing  to  a thaw- 
“ ing  ftate,  is  manifeft  from  this  obfervation  ; viz. 
“ Nov.  29,  1731,  a little  fnow  having  fallen  in  the 
“ night,  it  was,  by  eleven  the  next  morning,  moftly 
“ melted  away  on  the  furface  of  the  earth,  except  in 
“ feveral  places  in  Bufiy-Park , where  there  were 
“ drains  dug,  and  covered  with  earth,  where  the 
“ fnow  continued  to  lie,  whether  thofe  drains  were 
“ full  of  water,  or  dry;  as  alfo  where  elm-pipes  lay 
“ under-ground;  a plain  proof  that  thefe  drains  inter- 
8 “ cepted 
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u cepted  the  warmth  of  the  earth  from  afcending 
u from  greater  depths  below  them ; for  the  fnow  lay 
ct  where  the  drain  had  more  than  four  feet  depth  of 
te  earth  over  it.  It  continued  alfo  to  lie  on  thatch, 

<e  tiles,  and  die  tops  of  walls.’' 

That  the  air  neared:  the  earth  will  be  mod:  warmed 
by  the  heat  of  it,  is  obvious ; and  this  has  frequently 
been  taken  notice  of  in  the  morning,  before  day,  by 
means  of  thermometers  at  different  diftances  from 
the  ground,  by  the  reverend  Dr.  Miles,  at  Tooting  in 
Surrey;  and  is  mentioned  in  p.  fz6,  of  the  48th  vo- 
lume of  the  Philofophical  Tranfadtions. 

The  aurora  borealis,  which  happens  at  the  time 
the  needle  is  difturbed  by  the  heat  of  the  earth,  is 
fuppofed  to  be  the  eledtricity  of  the  heated  air  above 
it ; and  this  will  appear  chiefly  in  the  northern  re- 
gions, as  the  alteration  in  the  heat  of  the  air  in  thofe 
parts  will  be  greatefl.  This  hypothecs  will  not  feem 
improbable,  if  it  be  confidered,  that  eledtricity  is  now 
known  to  be  the  caufe  of  thunder  and  lightning ; that 
it  has  been  extradted  from  the  air  at  the  time  of  an 
aurora  borealis ; that  the  inhabitants  of  the  northern 
countries  obferve  the  aurora  to  be  remarkably  ftrong, 
when  a fudden  thaw  happens  after  fevere  cold  wea- 
ther.; and  that  the  curious  in  thefe  matters,  are  now 
acquainted  with  a fubftance,  that  will,  without  fric- 
tion, both  emit  and  abforb  the  eledtrical  fluid,  only 
by  the  increafe,  or  diminution  of  its  heat : for  if  the 
‘Tourmalin  be  placed  on  a plane  piece  of  heated  glafs, 
or  metal,  fo  that  each  fide  of  it,  by  being  perpendi- 
cular to  the  furface  of  the  heating  body,  may  be 
equally  heated;  it  will,  while  heating,  have  the  elec- 
tricity of  one  of  its  fides  pofitive,  and  that  of  the  other 

F f f 1 nega- 
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negative  j this  will  likewife  be  the  cafe  when  it  is 
taken  out  of  boiling  water,  and  fuffered  to  cool ; but 
the  fide  that  was  pofitive  while  it  was  heating,  will 
be  negative  while  it  is  cooling,  and  the  fide  that  was 
negative,  will  be  pofitive  *, 

For  the  fake  of  thofe  who  may  be  defirous  of  ex- 
amining the  diurnal  variations  of  the  needle  very 
minutely,  I (hall  annex  a complete  years  obferva- 
tions  i and  fhall  deduce,  from  the  regular  variations 
during  that  time,  the  mean  diurnal  variation  belong- 
ing to  each  month : whence  it  will  appear,  that  the 
diurnal  variation  increafes  from  January  to  June,  and 
decreafes  from  June  to  December. 

In  the  following  table,  the  firft  column  contains 
the  day  of  the  month  j and  the  fecond,  the  hour  and 
minute  of  the  day  (according  to  equal  time),  when 
each  obfervation  was  made.  The  third  column  con- 
tains the  abfolute  variation  of  the  needle  weflward,  or 
the  angle  it  made  with  a true  meridian  line  at  the  re- 
fpedtive  times j which  differs  lefs  than  two  minutes 
of  a degree  from  that  at  Greenwich,  where  the  reve- 
rend Dr.  Bradley  was  fo  kind  as  to  give  me  feveral 
opportunities  of  taking  it,  in  his  prefence,  by  the  cu- 
rious apparatus  for  that  purpofe,  belonging  to  the 
royal  obfervatory.  And  in  the  fourth  column  are  fet 
down  the  degrees  of  heat,  by  a Fahrenheit’s  thermo- 
meter, hung  without,  in  the  fhaded  air,  on  the  north 
fide  of  the  houfe. 


* See  the  Gentleman’s  Magazine  for  laft  September. 
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XXXIX.  A Letter  to  the  Right  Honourable 
Hugh  Earl  of  Marchmont*  F.  R.  S.  con- 
cerning  the  SeEtions  of  a Solid,  hitherto 
not  confdered  by  Geometers  ; from  William 
Brakenridge,  D.  D.  ReElor  of  St.  Michael 
Baffilhaw  London,  and  F.  R.  S. 


on  it,  makes  me  prefume  to  lay  before  you  the  fol- 
lowing fpeculations.  Your  benevolence  to  all  philo- 
fophical  Inquiries  encourages  me,  and  the  perfonal 
regard  I have  for  your  Lordfhip  induces  me  to  do 
myfelf  this  honour ; and  tho’  what  I offer  at  prefent 
may  be  of  no  great  confequence,  I am  perfuaded, 
that  every  little  acceffion  to  our  knowlege  will  give 
you  fome  pleafure,  as  you  very  well  know,  that  all 
our  improvements  in  fcience  are  flow,  and  from 
fmall  beginnings.  You  have  here  a new  method  of 
confidering  fome  geometrical  curves,  from  the  fec- 
tions  of  a folid,  hitherto  not  taken  notice  of,  and  by 
which,  in  particular,  you  will  fee,  that  the  two  in- 
finite curve  lines  from  the  fedtion  of  the  cone,  are 
alfo  the  fedtions  of  this  j which  may  be  of  fome  ufe, 
as  it  feems  to  extend  our  views  of  their  nature  and 
properties.  The  defeription  of  it  is  very  eafy  and 
obvious,  and  it  has  fomething  remarkable  in  its 
form,  that  tho  , in  the  moft  Ample  cafe,  it  is  gene- 
rated and  bounded  by  right  lines,  the  furface  is  in-, 
curvated.  The  folid  is  thus  deferibed. 


My  Lord, 

T OUR  knowlege  in  Geometry,  and 
L the  other  Sciences  that  depend  up- 


3 


Let 


/ 


.. 
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Let  D N be  a right  line  drawn  on  a plane,  and  a 
point  given  A at  any  diftance  from  the  line,  from 
which  having  raifed,  above  the  plane,  the  right  line 
AM  in  any  given  angle,  and  drawing  from  the  fame 
point  A the  line  AD,  meeting  the  line  DN  on  the 
plane  in  D,  make  another  plane  M N R to  move  pa- 
rallel to  itfelf,  and  to  that  line  A D in  a given  angle 
to  the  firft  plane;  and  then,  fuppofe  the  interfedtions 
of  it  M,  N,  zzz,  zz,  &c»  with  the  lines  A M and  D N, 
to  be  continually  joined  with  right  lines  M N,  zzz  zz, 
&c.  and  there  will  be  generated  an  incurvated  fur- 
face  by  them,  and  bounded  by  the  lines  AM,  MN, 
N D,  A D.  Plate  X.  Fig.  i. 

The  fame  furface  will  be  defcribed,  if  a line  MN 
be  fuppofcd  to  move  in  fuch  manner,  along  the  lines 
A M and  D N,  that  the  parts  A M and  DN  be  con- 
tinually in  a given  ratio.  For  let  a plane  be  drawn 
thro’  the  raifed  line  A M,  perpendicular  to  the  given 
plane  A D N,  and  their  common  interfedtion  be  the 
line  A R ; then  having  joined  the  points  A and  D, 
from  the  point  N,  while  the  line  M N is  moving,  let 
there  be  continually  drawn  a line  N R parallel  to 
D A,  meeting  the  line  of  interfedtion  A R of  the 
planes  in  R,  and  the  proportion  of  D N to  AR  will 
always  be  given.  But  as  the  ratio  of  D N to  A M is 
given,  the  ratio  of  A M to  AR  will  alfo  be  given; 
and  the  line  RM  being  drawn,  the  angle  ARM  will 
be  given ; and  therefore  the  plane  of  the  triangle 
M R N will  move  parallel  to  itfelf,  and  to  the  line 
A D,  making  the  given  angle  M R A with  the  plane 
A D N,  and  the  line  M N will  generate  the  fame 
furface  as  before. 


It 
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It  is  evident  this  incurvated  furface  may  be  infi- 
nitely extended  on  all  Tides  beyond  the  lines  AM, 
M N,  ND,  AD,  and  as  well  below  the  given  plane 
A D N as  above  it ; and  therefore  the  various  fedtions 
of  it,  if  continued,  will  be  infinite  lines. 

The  line  AM,  raifed  above  the  given  plane  A DN, 
may  be  called  the  vertical  Diredtrix. 

And  if  thro’  this  diredtrix  A M there  be  drawn  a 
plane  AMR  in  any  given  angle  to  the  plane  A D N, 
interfering  the  moving  plane  NMR  in  the  line 
M R,  and  meeting  the  given  plane  A D N in  R ; 
then  the  points  A,  R,  and  R,  N,  being  joined,  there 
will  be  a trapezium  ARND,  formed,  that  may  be 
named  the  Bafe,  and  in  which  the  line  D N may  be 
called  the  Diredtrix  of  the  Bafe. 

And  the  plane  AMR  pafiing  thro’  the  vertical 
diredtrix  and  the  moving  plane  M N R,  together  with 
the  bafe  ARND,  and  the  curve  furface,  will  make 
a folid  A M R N D A,  fomething  in  the  form  of  a 
wedge. 

In  this  folid  there  may  be  made  five  fedtions  in  a 
given  angle  with  the  bafe,  or  parallel  to  it ; viz,  one 
parallel  to  the  moved  plane  ; one  parallel  to  the  di- 
redtrix of  the  bafe  ; another  parallel  to  the  vertical 
diredtrix  j a fourth  parallel  to  the  bafe ; and  a fifth 
interfedting  both  the  diredtrices.  And  in  all  thefe 
cafes,  when  the  diredtrices  are  right  lines,  the  fedtions 
will  be  either  the  conic  hyperbola,  or  the  parabola, 
or  right  lines. 

lit,  If  the  folid  A M R N D A be  cut  by  a plane 
parallel  to  the  moved  or  generating  plane  N M R,  or 
the  line  A D,  the  fedtion  will  be  a right  line.  This 
is  evident  from  the  defcription,  Fig.  i. 


2, 
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2.  If  the  fedion  be  made  by  a plane  B P O parallel 
to  the  diredr ix  of  the  bafe  DN,  and  in  any  given 
angle  to  the  bafe,  it  will  be  an  hyperbola,  Fig  2. 

Let  the  fedion  P B O meet  the  bafe  in  the  line 
B O,  which  will  be  parallel  to  D N,  and  make  the 
moving  plane  N M R interfed  the  bafe  in  N R,  the 
vertical  diredrix  in  M,  and  the  fedion  in  P O ; by 
which  D B=NO.  From  the  point  M draw  MR 
parallel  to  P O,  and  imagine  a plane  to  pafs  through 
the  diredrix  A M and  the  line  M R,  meeting  the 
bafe  in  AR ; which  will  be  given  in  pofition.  Then 
thro’  the  point  A draw  A (^parallel  to  D N,  inter- 
fedingNR  in  Q^and  making  N Q=AD;  and  the 
two  triangles  A R AMR,  will  have  all  their 
angles  given,  and  the  proportion  of  their  hdes.  And 
therefore  the  ratio  of  A.  Q^to  Q R,  and  of  A Q to 
MR,  will  be  given.  Make  AD=^,  BD=b,  AQjQR 
: ; a : y,  and  AQiMR::^:^  the  abfcifle  B 0=at, 

and  the  ordinate  PO  = v;  from  which  QR  = ^, 

y a 

NR=tf-f—  MR=~  And  then  from  the  fimi- 
a , a . 

lar  triangles  NOP,  N M R,  the  analogy  N O : O P 
: ;NR:MR  will  give  the  equation  y x q-Fy  a2=xbm, 
and  the  curve  B P is  an  hyperbola. 

3.  If  the  fedion  PB  be  made  by  a plane  parallel 
to  the  vertical  diredrix  A M,  it  will  be  an  hyperbola. 
Fig.  1. 

Let  the  moving  plane  M R N,  parallel  to  D A, 
interfed  the  bafe  in  R N,  and  the  vertical  direc- 
trix in  M,  and  make  the  plane  of  the  fedion  B P O 
cut  the  moving  plane  NMR  in  P O,  and  the  bafe 
in  the  line  BO,  meeting  D A in  Z,  and  the  bafe  di- 
redrix DN  in  B;  from  the  point  M draw  the  line 
Vo l.  LI,  Mmm  MK 
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M R parallel  to  the  plane  of  the  fedion,  and  meeting 
the  bafe  in  R ; and  the  lines  M R and  P O will  be 
parallel.  Then  thro’  the  vertical  A M,  and  the  line 
M R,  make  a plane  to  pafs,  which  will  be  parallel  to 
the  fedion,  interfering  the  bafe  in  AR,  and  the 
lines  A R and  B O will  alfo  be  parallel.  Draw  BL 
parallel  to  DA,  or  N R,  palling  A R in  L,  and 
then  BO  = LR,  BL=RO  = AZ,  and  AL  = BZ. 
And  the  line  A R being  given  in  pofition,  the  lines 
B L and  A L will  be  given.  The  angles  alfo  MAR 
and  N BO  being  given,  the  ratio  of  A R to  RM, 
and  of  B O to  O N,  will  be  given.  Suppofe  ADz 
=B  L=a,  A L =c  the  abfciffe  B 0=x,  the  ordinate 
P 0==y,  and  A R : R M;  \a:mi  and  BO;0  N:  :a:n , 

from  which  we  have  ON=—  RM=^i^~j 

a * a 


A y • 

NR=tf~] — And  then,  in  the  triangles  on  the 

Cl  ( 

moving  plane,  which  are  fimilar,  M R N,  P O N, 
the  analogy  NO:PO;:NR:RM  v/ill  produce  the 
equation  y x a y—x^n  m-\-x  nmc  j which  Ihews 
the  curve  B P to  be  an  hyperbola;  and  the  figure  is 
convex  to  the  bafe. 

4.  The  fe£tion  being  made  parallel  to  the  bafe,  it 
will  be  the  fame  curve.  Fig.  3. 

Having  thro’  the  vertical  diredrix  made  a plane 
A M R to  pafs  perpendicular  to  the  bafe,  let  the  fec- 
tion  B P O,  and  the  bafe  parallel  to  it,  meet  that 
plane  in  the  lines  BO  and  AR,  and  alfo  the  moving 
plane  N M R in  the  lines  P O and  N R.  From  the 
point  A draw  A parallel  to  the  diredrix  D N of 
the  bafe,  and  A D parallel  to  NR,  and  from  B the 
line  B C parallel  to  O R,  meeting  A R in  C ; and 

then 
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then  the  lines  AD,  AC,  and  B C,  will  be  given, 
and  the  angles  R A Q^_M  A R,  being  alfo  given,  the 
proportion  of  A R to  QJRL,  and  of  B O to  MO, 
will  be  known.  MakeAD=#,  AC  = c,  the  ab- 
fcilfe  B O = x,  the  ordinate  P O —y,  and  A R : R 
::  a : q from  which  we  have  MO;MR  : • X • X 

-f-  c3  QJl  ==  X-'  And  becaufe,  in  the  fimilar 

Cl 

triangles  M P O,  and  M N R,  in  the  moving  plane, 
we  have  MO:PO:  :MR:RN,  there  will  refult 
the  equation  y x a yca~x2‘q-\-xcq-\-xaz'J 
which  denotes  the  curve  B P to  be  an  hyperbola. 

j.  If  the  fedtion  is  made  fo  as  to  meet  the  two  di- 
rectrices, the  curve  will  be  alfo  an  hyperbola.  Fig.  4. 

Let  the  fedtion  B P O meet  the  diredtrices  in  B,  m, 
and  interfedt  the  plane  of  the  bafe  in  the  line  B O j 
and  make  the  moving  plane  N M R to  be  cut  by  the 
fedtion  in  P O,  and  to  meet  the  vertical  diredtrix  in 
M.  Then  from  the  point  M draw  M R parallel  to 
PO;  and  thro’  the  lines  AM,  MR,  imagine,  as 
before,  a plane  to  pafs,  interfedting  the  bafe  in  the 
line  A R r,  and  meeting  the  line  B O in  r,  and  the 
fedtion  in  m r.  And  from  A draw  A D parallel  to 
N R,  and  A Qjto  D N ; and  thro’  r make  n r paral- 
lel to  NR,  and  to  meet  A QJn  q3  and  D N in  n. 
Draw  alfo  from  the  point  B the  line  B C parallel  to 
A D,  and  meeting  A Q^in  C.  The  lines  then  A <7, 
A r,  m r,  r qf  B r,  B n,  r n3  will  be  given.  Make 
therefore  AD==tf=BC,  AQj^QR ::a:qy  and  AQj^RM 
: :a : m3  Br:Bn::a:b,  Br:rn::a:n , A C=DB 
e=c  j the  abfciffe  B 0=x ; the  ordinate  O P==y.  From 

which  we  have  BN=->  ON=—  > AQ  = ff 

a a 

b x 


And 
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bx  p Q _gca-\-qbx^  p m c a+m  b x 

then,  in  the  iimilar  triangles  NPO,  MRN,  having 
NO:PO;:NR:MR,  the  equation  will  be ya+-\- 
y c azq-\-y  xb  a q=^n  me  a x-\-n  m b xz.  And  the  curve 
is  an  hyperbola ; and  in  the  cafe  of  this  Fig.  4.  it 
will  be  convex  to  the  plane  of  the  bafe.  But  when 
B N is  negative  in  the  cafe  of  Fig.  f.  the  equation, 
retaining  the  fame  fymbols,  will  be  y q c az — 

yxbqa—mncax — nmbxz ; and  the  hyperbolic 
curve  will  be  concave  towards  the  bafe. 

6.  If  the  vertical  diredtrix  AM  is  made  parallel 
to  the  plan  of  the  bafe,  but  the  plane  palling  thro’  it 
not  parallel  to  the  other  diredtrix,  then  the  fedtion, 
meeting  the  two  dire&rices,  will  alfo  be  the  fame 
curve.  Fig . 6. 

For  in  this  cafe  the  line  MR  is  a conftant  quan- 
tity ; and  therefore,  if  the  common  fedtion  a R of 
the  plane  thro’  the  vertical  A M,  with  the  bafe,  meet 
a D parallel  to  N R in  a , other  being  as  before, 
making  MR=w,  and  T>a=a ; from  the  analogy 
NO:PO:;NR:MR  in  the  triangles  N O P,  M R N, 
we  fhall  have  m n a x—y  a^+y  a c q -\-y  x q b ; by 
which  the  curve  is  known  to  be  an  hyperbola. 

And  in  all  thofe  fedtions,  where  the  common 
interfedtion  of  the  plane,  palling  thro’  the  vertical 
with  the  bafe,  is  not  parallel  to  the  other  diredtrix, 
the  curve  is  an  hyperbola. 

7.  But  now,  if  we  fuppofe  the  common  interfec- 
tion  A R of  the  plane  palling  thro’  the  vertical,  with 
the  bafe,  to  be  parallel  to  the  diredtrix  D N of  the 
bafe,  and  both  diredtrices  to  be  cut  by  the  fedtion, 
the  curve  will  be  a parabola.  Fig.  7. 


For 
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For,  in  this  cafe,  the  two  lines  A R and  A Qjco- 
incide,  and  A R is  parallel  to  the  diredtrix  D N of 
the  bafe  ; and  therefore,  ufing  the  fame  fymbols  as 
above,  the  equation,  from  Fig.  4.  will  be  reduced 
to  y a^=.n  me  a x-\~n  m b x 2 ; and  from  Fig.  5.  it  will 
come  to  y a+=.n  m c a x — n m b x2 ; both  which  fhew 
the  curve  to  be  a parabola. 

It  may  alfo  be  demonftrated  in  this  manner.  It  is 
evident,  that  PO:fflr;:POxMR:«rxMR,  that 
is,  the  ratio  of  P O to  mr  is  equal  to  that  compound- 
ed of  P O : M R,  and  of  M R : m r.  But  from  the 
fimilar  triangles  MRN,  PON,  we  have  P O : M R 
: : NO:NR  = «r,  and  from  the  triangles  BON, 
Br»,  we  have  B O : B r : : N O : n r ; therefore  P O : 
MR::BO:Br.  In  like  manner,  from  the  equi- 
angular triangles  M R A,  m r A,  there  will  be 
MR  : m r : :R  A : r A,  and  from  the  triangles  ROr, 
Z A R,  it  is  R A : r A ; : O z : r z j therefore  M R : 
m r\  ;o  z:  r z.  If  then  in  the  ratio  of  P O x R M 
to  m r x M R,  we  fubftitute  the  ratio  of  BO-.B  r, 
and  of  O z:r  z,  which  are  equal  to  P O : M R, 
and  MR:ffl  r,  we  fhall  have  P O \mr  \ ;BO  xoz: 
Brxrzj  which  is  a known  property  of  the  pa- 
rabola. 

And  thus  I have  endeavoured  to  extend,  a little, 
the  Theory  of  the  conic  fedtions.  I have  here  fhewn 
how  two  of  them  may  be  had  from  the  fedtions 
of  this  folidj  and  in  the  year  1733,  I publifhed, 
in  my  Exercitatio  Geometrica>  a method  of  deferr- 
ing all  of  them  on  a plane,  by  the  moving  of  three 
right  lines  about  three  given  points,  two  of  the  inter- 
fedtions  being  drawn  along  two  other  lines  given  in 
polition  * the  only  hint  of  which  I had  from  a geome- 
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trie  locus,  in  the  conftrudion  of  a clock,  by  the 
celebrated  M.  De  la  Hire,  in  the  French  Memoir es 
for  the  year  1717,  intituled,  ConftruBion  d'nne  Ho- 
rologe qui  marque  le  rorai  terns  avec  le  moyen. 

Having  now  briefly  confidered  the  various  fedions 
of  this  folid,  the  directrix  D N of  the  bafe  being  a 
right  line,  let  us  next  fee  what  they  are  when  it  is  a 
curve  line  of  any  order.  But  becaufe  there  are  an 
infinite  number  of  cafes,  it  will  be  Efficient  to  men- 
tion a few  of  them,  when  that  directrix  is  a conic 
iedion  or  circle,  and  then  to  give  a general  propor- 
tion when  it  is  any  higher  geometrical  curve. 

8.  If  the  diredrix  DN  of  the  bale  be  a parabola, 
having  a diameter  parallel  to  the  interfedion  A R of 
the  plane,  palling  thro’  the  vertical  A,  and  other 
things  being  as  before,  the  fedion  B P will  be  a line 
of  the  third  order.  Fig.  8. 

Let  the  diameter  be  DL»,  the  ordinate  N n , and 
the  equation  of  the  parabola  u1— zp , and  make  the 
moving  plan  M N R to  pafs  thro’  the  ordinate  N n , 
and  the  fedion  to  interfed  the  bafe  in  B O,  and  the 
diameter  in  E.  From  the  points  B and  D draw  BL 
and  D C,  parallel  to  N O,  and  meeting  the  lines 
A R and  D n in  C and  L.  Then  fuppofe  A R : R M 
::a:my  and  B O : L n:  :a  : n3  AC =c3  DC=//,  BL 
=by  D L =/,  B E=e,  N n=u,  D #=.■?,  the  abfcilfe 
BO=.v,  the  ordinate  P_0=y,j  and  we  have  L n=z 

, nx  bxx — e me- \-mz 

— / = — , no  — , M R = — 

a e a 

m c T nxm  . , apl-\-pxn  „ 

—  and  u z = — — — But 

az  a 

from  the  limilar  triangles  N P O and  N M R we  have 
this  proportion  NO:PO;;NR:MR,  which  gives 

the 
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the  equation  *>*—t>‘Xm‘°Jrm«l+nmx  — dya‘*e 

y a2,  e — m c a e ■ — male  — mn  x e 

u = x--  and  this  being  reduced,  fhews, 

a 07 


that  the  fedfion  P B is  a line  of  the  third  order. 

9.  If  the  diredtrix  D N be  a circle,  and  other  things 
being  as  before,  the  fedtion  will  be  a line  of  the 
fourth  order.  Fig.  9. 

Make  the  center  of  the  circle  to  be  in  the  line 
DL»  parallel  to  A the  ordinate  to  be  N n — 
the  abfciffe  D n = z,  the  radius  = r,  and  the  equa- 
tion u1  = ir  z — z 2.  And  let  the  plane  paffing 
thro’  the  vertical,  cut  the  bafe  in  A R,  and  the  fec- 
tion  meet  the  diameter  D K in  E.  Then  the  fame 
things  being  fuppofed,  and  the  fymbols  retained  as 


before,  we  fhall  have  L n — z — / = z = 
n O OR  = + M R = 

e a 

mac-\-ma  l-\-mnx  f 2r  / a^-j-  2 r x n a — x^  r?  — 2 a Inx  — arl * 

> V 


= u.  And  the  analogy  N O : P O ; : N R ; M R will 

. ..  . mac-\-mal-}-mnx  be  — b x , 

give  this  equation,  — — * — + 

y a*  d~\-yqac-\-yqal-\-yqnx mac  -\-mal-\-mnx~  a^y 

a2-  a* 

v /trlax'\-7.rxna  — x^ri1 — 7.  a Inx  — a*  l*  . 

V a*  9 


which  it  appears,  that  the  curve  B P is  a line  of  the 
fourth  order. 

And  in  general  it  may  be  feen,  that  if  the  direc- 
trix of  the  bafe  be  a conic  fedtion,  except  in  the  cafe 
above,  the  fedtion  of  the  folid  will  be  a line  of  the 
fourth  order. 


lo> 
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10.  If  the  vertical  be  parallel  to  the  bafe,  and  the 
plane  palling  thro’  it  perpendicular,  the  directrix  of 
the  bale  being  a circle,  having  its  center  in  the  inter- 
fedtion  A R of  the  two  planes  j then  the  folid  will  be 
the  cono-cuneus  of  the  learned  Dr.  Wallis,  and  the 
various  curve  fedtions  of  it  will  be  alfo  lines  of  the 
fourth  order.  Fig.  io. 

In  this  cafe,  the  quantities  QJl  and  D C will 
vaniih,  and  making  M R = mt  the  equation, 
retaining  the  other  fymbols,  will  be  m — y x 

2 r x n a 2r  l az  — xz  — 2 x n la  — az  lz  _ ^ x eb  —xh 


J 


And  here  it  is  furpriling  that  the  great  Doctor,  while 
he  was  conlidering  his  folid,  did  not  fall  upon  the  one 
I have  explained ; but  indeed,  in  fearching  after  new 
difcoveries,  we  are  often  like  thofe,  who,  groping 
in  the  dark,  mifs  the  things  that  are  neared;  them. 

ii.  To  conclude,  if  the  diredtrix  D N of  the  bafe 
be  a line  of  any  order  rc,  the  fedtion  B P will  be  of 
the  order  i n.  Fig.  1 1 . 

In  the  equation  of  the  curve  diredtrix  D N of  the 
bafe  un  = A zn  + B z”  ~ 1 u + C z”  ~ 2 uz  + D zn  ~ 3 u?> 
See.  make  the  abfeiffe  D n — z,  and  the  ordinate 
N n = u ; and  draw  A Q parallel  to  D and  then, 
other  things  being  as  before,  the  analogy  N O : P O 
: : N R ; M R will  be  thus  expreiled,  n + 

b x — eb  , j , qnx-\-qal-\~qac  . nmx -\- mal ~]-mc a 

* y w u *4-  d ~ p I — , ; 

e J 1 az  a 3 

from  which  we  (hall  have  u = 

eb  — b x <nm  x -\-mc  a -f- inaL  dazy-\-nqxy-\-qaly-\-qyeic 
e ma  l-\- e mn  x -\-ma  c e — azey  ' mnx-\-mac — azy-\-mal 

And  becaufe  D n = z = l -\-  if  we  fubftitute  thefe 

a 

yalues  of  u and  z,  in  the  above  general  equation, 
8 the 
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the  line  of  the  feCtion  B P will  appear  to  be  of  the 
order  i n. 

And  now,  my  Lord,  I have  given  you  fome  ge- 
neral propolitions  about  the  various  feCtions  of  this 
folid,  and  1 have  Ihewn  how  lines  of  any  order  may 
arife  from  them  ; which  is  a new  theory,  and  per- 
haps may  introduce  to  fomething  farther.  I have 
other  things  of  this  fort,  that  relate  to  what  I have 
published  in  the  Philofophical  TranfaCtions,  Vol.  3^. 
in  the  year  1735,  which  I have  had  many  years  by 
me,  that  I intend  to  fend  you,  if  my  health,  and  the 
circumftances  of  my  life,  will  allow  me  to  revife 
them.  And  in  the  mean  time,  with  great  refpeCt, 
I am,, 


My  Lord, 

Your  Lordfhip’s  moft  obedient 
and  affectionate  fervant. 


Sion  College,  Dec.  18, 

1,759. 


Wra.  Brakenridge. 


END  of  Part  L 
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